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COVER SHEET 

RESPONSIBLE AGENCY.  The U.S. Army Corps of Engineers (Corps), Galveston District, is the lead 
agency for the development of the Draft Environmental Impact Statement (DEIS) for the Luce Bayou 
Interbasin Transfer Project.  This DEIS is being prepared in compliance with the Department of the Army 
(DA) Permit Application SWG-2009-00188.  The DEIS and DA Permit Application evaluation will follow the 
guidelines published by the U.S. Environmental Protection Agency pursuant to Section 404 (b)(1), 
Section 401 of the Clean Water Act and in accordance with Title 30, Texas Administrative Code (TAC) 
Section 279.1-13. 

PROJECT TITLE:  Luce Bayou Interbasin Transfer Project (LBITP), Harris and Liberty Counties, Texas.  

FOR ADDITIONAL INFORMATION CONTACT: 
Jayson M. Hudson 
Regulatory Branch, CESWG-PE-RB 
U.S. Army Corps of Engineers 
P.O. Box 1229 
Galveston, Texas 77553-1229 
409-766-3108 Phone 
409-766-6301 Fax 
http://www.swg.usace.army.mil/BusinessWithUs/RegulatoryBranch/SpecialProjectsEnvironmentalImpa
ctStatements.aspx 
 
DESIGNATION AND AUTHORITY:  The decision to issue, issue with conditions, or deny the Coastal Water 
Authority a DA individual permit, pursuant to Section 404 of the Clean Water Act and Section 10 of the 
Rivers and Harbors Act of 1899, is a major federal action having the potential to significantly affect the 
quality of the human environment.  The Corps is preparing this Environmental Impact Statement (EIS) to 
comprehensively assess the impacts from the proposed action and reasonable alternatives including 
identifying the least environmentally damaging alternative.  The DEIS for the LBITP has been prepared 
pursuant to Section 10 of the Rivers and Harbors Act of 1899, and Section 404 and Section 401 of the 
Clean Water Act. 

SUMMARY:  The Applicant is the Coastal Water Authority acting on the City of Houston's (Houston) behalf.  
The Corps has determined the basic purpose for the proposed action is to provide municipal water supply 
for Houston and its surrounding area using surface water rights currently available to Houston from Lake 
Livingston in the Trinity River basin.  The proposed project is to convey water from Lake Livingston from the 
permitted diversion point on the lower Trinity River to Lake Houston.  The Corps defines the overall project 
purpose is to provide municipal water supply from water rights currently held by the City of Houston.  Three 
proposed action alternatives (Alternatives 3A, 4, and 6) and No Action have been considered by the DEIS.  
Water would be conveyed by gravity or pumping across Liberty County for distances ranging from 26.5 
miles to 21.5 miles through either a clay-lined, earthen open canal or in two, 108-inch [9 feet] diameter steel 
pipelines from either the proposed pump station at Capers Ridge or from the existing Trinity River Pump 
Station (TRPS) currently owned and operated by the Applicant.  As part of the proposed interbasin transfer 
of water, the three action alternatives could potentially convey invasive zebra mussels from the Trinity River 
watershed to the San Jacinto River watershed. 

http://www.swg.usace.army.mil/BusinessWithUs/RegulatoryBranch/SpecialProjectsEnvironmentalImpactStatements.aspx
http://www.swg.usace.army.mil/BusinessWithUs/RegulatoryBranch/SpecialProjectsEnvironmentalImpactStatements.aspx


Alternative 3A would require the discharge of fill into 215 acres of jurisdictional wetlands, impact 15,898 
linear feet of other waters of the United States (U.S.), remove 1.5 acres of bottomland forest, be constructed 
within 54 acres of floodplain/floodway, including 5 acres within Cedar Bayou watershed, would remove 219 
acres of important wetlands vegetation, affect seven prehistoric sites, and could result in the relocation of 25 
minority or low-income people.  Alternative 4 would require the discharge of fill into 66 acres of jurisdictional 
wetlands, adversely affect 4,095 linear feet of other waters of the U.S., would remove 4.0 acres of 
bottomlands, be constructed within 170 acres of floodplains, dominantly within Cedar Bayou watershed, 
could affect more than 290 acres of wetland protection vegetation (riparian), impact 685 acres of prime 
farmland soils, and could result in the relocation of 4,030 minority or low-income populations.  Alternative 6 
would require the discharge of fill into 59 acres of jurisdictional wetlands, would result in adverse impacts to 
3,159 linear feet of intermittent and perennial streams, be constructed through 112 acres of 
floodplain/floodway including Cedar Bayou watershed, and potentially relocate 322 minority individuals. 

The Applicant proposes to compensate for unavoidable impacts by acquiring an approximate 2,953-acre 
tract within the Lower Trinity River Floodplain Habitat Stewardship Program acquisition boundary that would 
be included as part of the Trinity River National Wildlife Refuge and deeded to the U.S. Fish and Wildlife 
Service.  The proposed mitigation property is being evaluated using the Approved Jurisdictional 
Determination (AJD) process; preliminary information indicates that the property contains approximately 
964 acres of forested wetlands, 6 acres of emergent wetlands, 25 acres of scrub-shrub wetlands, and 
approximately 213 acres of forested/emergent and/or scrub-shrub wetland complexes. 

COMMENT SOLICITATION:  The Corps is soliciting comments on the LBITP DEIS from the public, federal, 
state, and local agencies and officials, Indian tribes, and other interested parties to consider and evaluate 
the impacts from this proposed activity.  Comments received by 5 pm, Monday, December 10, 2012 will be 
considered by the Corps to determine whether to issue, modify, condition or deny a permit for this proposal. 
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SUMMARY 

U.S. ARMY CORPS OF ENGINEERS, GALVESTON DISTRICT 

LUCE BAYOU INTERBASIN TRANSFER PROJECT DRAFT ENVIRONMENTAL IMPACT 
STATEMENT FOR DEPARTMENT OF THE ARMY PERMIT APPLICATION NO. SWG-2009-00188 

AUTHORITY:  The Draft Environmental Impact Statement for the Luce Bayou Interbasin Transfer Project 
(LBITP) has been prepared pursuant to Section 10 of the Rivers and Harbors Act of 1899 and 
Section 404 of the Clean Water Act. 

APPLICANT:  Coastal Water Authority acting on behalf of the City of Houston (Houston) 
1801 Main Street, Suite 800, Houston, Texas 77002 
 
THIRD PARTY CONTRACTOR: AECOM Technical Services, Inc. 

Purpose and Need for the Proposed Action 
The proposed action is to provide water for municipal use by diverting up to 450 million gallons per day 
(MGD) of raw water from the Trinity River permitted diversion point, and conveying this water to Lake 
Houston for treatment and distribution to Houston customers.  The basic purpose for the proposed action 
is to provide municipal water supply for Houston and the surrounding area.  The proposed action does not 
require access or proximity to or siting within a special aquatic environment to fulfill its basic purpose.  
The overall purpose is to provide municipal water supply using water rights owned by Houston. 

Population forecasts for water resource planning have been given a state framework through the regional 
water planning program mandated by Senate Bill 1.  The Texas Water Development Board (TWDB) has 
been tasked with identifying water demand, supplies, and future water management strategies for the 
entire state.  They chose to accomplish this by creating 16 regional water planning groups representing 
diverse interests in each regional geographic area.  As part of the state’s planning process, the TWDB, 
working with the state demographer, develop population growth forecasts which are then used by the 
regional water planning groups to develop their water management strategies.  The Houston metropolitan 
area is part of 15 counties within Region H.  The State of Texas forecasts Harris County will grow from 
just over 4.0 million in 2010 to almost 6.0 million by 2040 (TWDB 2011).  This increase accounts for 
64 percent of the almost 9 million population forecasted by 2040 in the 15-county region. 

Houston's average daily water demand is projected to increase from approximately 450 MGD in 2011 to 
1,200 MGD by 2030.  Between 2030 and 2050, the forecasted demand for municipal water ranges 
between 1,300 and 1,400 MGD (City of Houston Water Master Plan; Jun Chang, City of Houston, 
Meeting Long Term Water Demands for Houston and Surrounding Area, 2010).  No existing surface 
water source in the San Jacinto River basin can meet these projected increased demands.  A major 
surface water supply source is available through Houston-held water rights from the Trinity River basin 
which comes from Lake Livingston.  Other supply sources are inadequate to meet projected demands.  
Although groundwater remains a critical municipal water source in the Houston region, groundwater use 
is being controlled and minimized by state regulations to manage subsidence caused by over-mining the 
area aquifers.  Houston area land subsidence is caused by extracting fluids, including groundwater from 
aquifers, from the subsurface.  Subsidence has caused extensive damage to industrial and transportation 
infrastructure; motivated investments in levees, reservoirs, and surface water distribution systems; and 
caused substantial wetland habitat losses (U.S. Geological Survey [USGS] 1999). 
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To meet the expected future water demands and regulatory requirements for using surface water 
supplies, Houston must supplement Lake Houston and currently used Trinity River surface water sources 
with additional supplies.  These waters have been permitted in Lake Livingston and are already 
contracted to Houston.  The additional water supply will allow reduced groundwater use for the Houston 
metropolitan area by 2020, when water from this proposed action will be available to Houston’s water 
supply customers.  In 2010, the public water supply demand sourced by groundwater in part of the 
Houston region was calculated to be 178 MGD (Harris-Galveston Subsidence District [HGSD] 2011).  For 
the same area, the water supply needs have increased to 221 MGD.  The treated water volume from this 
proposed action is required to meet contract and public water supply requirements by 2020.  The 
proposed surface water source from the Trinity River would reduce the need to use groundwater to meet 
these requirements in a Houston area where groundwater withdrawals must be reduced to control or 
manage subsidence.  This calculation does not consider other groundwater uses such as for industry or 
agriculture.  Proposed surface water supplies by way of the proposed project will help decrease 
dependence on groundwater use in the Houston metropolitan area (City of Houston 2011; HGSD 2011). 

Houston must use its available water supplies from Lake Livingston due to: 

 Increased water demand for future growth,  

 The need to significantly reduce groundwater usage, and  

 Houston already uses all its existing water supplies from the San Jacinto River.   

Houston and the local water authorities who have contracted with Houston for water have developed the 
conveyance infrastructure needed to distribute surface water from Lake Houston.  However, the 
mechanism to convey Trinity River basin water supplies from Lake Livingston to Lake Houston and the 
Northeast Water Purification Plant (NEWPP) for treatment must still be developed. 

The Applicant and the State of Texas believe it is necessary for Houston to use its existing contracted 
water rights in Lake Livingston to meet near-term water demands and the projected 25-year planning 
horizon. 

Project Description 

Alternative 3A 
The Applicant’s preferred alternative (Alternative 3A) would convey approximately 450 million gallons per 
day (MGD) of water from the lower Trinity River to Lake Houston through an estimated 26.5-mile 
conveyance structure.  This structure would include approximately 3 miles of two 108-inch diameter pipes 
and approximately 23.5 miles of a clay-lined earthen canal with berms, access road, drainage ditches, 
and perimeter fencing.  A sedimentation basin and an approximately 20-acre sediment storage area are 
proposed where the pipeline transitions to the canal.  Sediment removed from the Trinity River with water 
diverted from the Capers Ridge Pump Station would be allowed to settle in the sedimentation basin.  The 
sediment would be periodically removed so the water entering the canal would contain less sediment.  
This would reduce the amount of sediment conveyed through the canal and into Lake Houston.  
Below-ground siphons and box culverts are proposed to be constructed where the canal crosses existing 
roads, easements, or utilities, and in areas requiring maintenance for existing hydrology that would 
otherwise be interrupted by the canal and associated structures.  Approximately 203.10 acres of 
jurisdictional aquatic resources were identified within the proposed project footprint.  Of these acres, 
approximately 200.95 acres include wetlands and 2.15 acres include United States (U.S.) waters.  
Approximately 118.93 acres are forested wetlands, 25.55 acres are scrub/shrub, approximately 45.26 
acres are emergent wetlands, and approximately 11.21 acres are open water associated with wetlands.  
Of the 2.15 acres of U.S. waters, 0.18 acre has unnamed tributaries, 1.67 acres are the Trinity River, and 
0.30 acre is the Lake Houston/Luce Bayou confluence. 
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After considering avoidance and minimizing adverse impacts to aquatic resources in accordance with the 
Section 404(b)(1) guidelines, due to the proposed project's scale the Applicant has stated impacts to all 
aquatic resources could not be avoided.  Therefore, the Applicant is proposing to compensate for 
unavoidable impacts by acquiring an approximately 2,953-acre tract.  This tract is within the Lower Trinity 
River Floodplain Habitat Stewardship Program acquisition boundary for the Trinity River National Wildlife 
Refuge (TRNWR) and is anticipated to be deeded to the U.S. Fish and Wildlife Service (USFWS).  Based 
on the preliminary evaluation undergoing refinement, the proposed mitigation site contains approximately 
964 acres of forested wetlands, 6 acres of emergent wetland, 25 acres of scrub/shrub wetlands and 
approximately 213 acres with mixed forested/emergent/scrub/shrub wetland complex. 

Controversial Areas 
A Joint Evaluation Meeting for the LBITP was held between stakeholder agencies and the Corps, 
Galveston District on February 10, 2010.  Prior to that meeting, approximately 36 resource and/or 
regulatory agency meetings were held by the Applicant to provide project information and solicit agency 
comments concerning the proposed project.  These meetings were held with staff from: 

 U.S. Army Corps of Engineers, Galveston District 
 U.S. Environmental Protection Agency (USEPA) 
 USFWS 
 TRNWR 
 USGS 
 U.S. Department of Agriculture (USDA) 
 Natural Resources Conservation Service (NRCS) 
 Farm Service Agency 
 Texas Commission on Environmental Quality (TCEQ) 
 Texas Parks and Wildlife Department (TPWD) 
 TWDB 
 Harris County Flood Control District 

These agencies and other stakeholders have provided information related to project concerns, 
suggestions and approvals of approaches taken for resource evaluation and avoidance, habitat function 
The public involvement and scoping process for the Luce Bayou Interbasin Transfer Project (LBITP) 
project was initiated when U.S. Army Corps of Engineers (USACE), Galveston District received the 
Department of the Army individual permit application for the LBITP.  The LBITP was assigned Department 
of the Army Permit Application No.SWG-09-00188.  The LBITP Public Notice was published on 
April 19, 2010, which initiated the public scoping process for the proposed project.   

To determine whether an Environmental Impact Statement (EIS) would be needed, the Corps, Galveston 
District reviewed the following. 

 Department of the Army (DA) Section 404 IP application 

 Section 404(b)(1) Alternatives Analysis 

 Environmental Report submitted by the Applicant 

 Relevant National Environmental Policy Act (NEPA) statutes for a DA Section 404 IP 

 List of factors outlined by 40 Code of Federal Regulations (CFR) 1508.27(b)   
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Determining if the proposed action would have a significant effect on human environmental quality is 
central to deciding whether an EIS would be required.  To make this decision, the Corps, Galveston 
District reviewed factors regarding intensity for short-term and long-term effects in the context of the 
region affected by the proposed project, specifically the Trinity River and Lake Houston.  During this 
review, three of 10 factors regarding intensity seemed to be relevant based on the information provided 
above by the Applicant.  These factors are provided as follows. 

 Factor 2:  The degree to which the proposed action affects public health or safety.  A major 
concern identified by the TPWD Inland Fisheries Regional Director, TRNWR's Refuge Manager, and 
during the public notice process was the project’s potential to introduce non-native, invasive species into 
Lake Houston, which is Houston's primary drinking water supply source.  Based on information provided 
by the TPWD and the USGS, Lake Houston is currently free from zebra mussels (Dreissena 
polymorpha), an invasive species.  According to a TPWD Inland Fisheries article released in January 
2010, zebra mussels have been found in Lake Texhoma and the upper Trinity River basin.  Zebra 
mussel infestations have been known to significantly impact water quality and have caused large 
declines in fish, birds, and native mussel populations nationwide.  Successful measures to control zebra 
mussels are limited to physical and chemical treatments, many of which are prohibited for use in 
drinking water supplies such as Lake Houston. 

 Factor 4:  The degree to which the effects on the quality of the human environment are likely to 
be highly controversial.  The U.S. Congress included the zebra mussel in the Non-indigenous Aquatic 
Nuisance Prevention and Control Act of 1990 as amended through Public Law (P.L.) 106-580, 
December 29, 2000.  A Congressional study estimated zebra mussels have resulted in U.S. economic 
impacts estimated at $5 billion between 1998 and 2000 by fouling infrastructure.  Another concern 
identified during the public notice process was related to another invasive species, giant salvinia 
(Salvinia molesta).  Giant salvinia, as with many non-native aquatic plant species, forms dense mats 
that eliminate all other aquatic vegetation in the area including phytoplankton and zooplankton, which 
are vital to water quality for healthy fish populations.  Giant salvinia can also create anoxic zones in the 
water column impacting overall water quality.  Controlling giant salvinia is generally accomplished by 
using herbicides, many of which are prohibited for use in drinking water supplies such as Lake Houston. 

 Factor 5.  The degree to which the possible effects on the human environment are highly 
uncertain or involve unique or unknown risks.  By a letter dated September 8, 2010, the Applicant 
indicated physical treatment for zebra mussels and giant salvinia are often difficult to implement and/or 
are unproven for large-scale operations.  The Applicant also indicated chemical treatment for zebra 
mussels and giant salvinia are limited due to their prohibition for use in drinking water.  The Applicant 
needs to thoroughly address the methods for potential treatment to prevent these non-native, invasive 
species from being introduced into Lake Houston.  The Applicant has stated they will consider control 
options and treatment for these non-native invasive species during the project's design phase.  

Based on the review and after evaluating all factors from interested parties, the Corps, Galveston District 
determined the Applicant’s proposed project may have a significant effect on the human environment.  In 
accordance with 33 CFR 325 Appendix B, Paragraph 7, the Corps, Galveston District determined the 
proposed LBITP requires an EIS be prepared.  Further investigation into those areas with potential 
significant impacts on the human environment is necessary to allow the Corps, Galveston District to 
evaluate the Section 404 IP application and make the proper decision.  The EIS will also help the 
Applicant to better address issues of concern during the proposed project's final design phase.  
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The Notice of Intent to prepare an EIS for the LBITP was published in the Federal Register on May 25, 
2011.  USACE, Galveston District conducted the Public Scoping Meeting on Thursday, July 21, 2011.  
Forty-three persons attended the Public Scoping Meeting including applicant representatives, public 
stakeholders, adjacent property owners, and some from public agencies.  Southwest Galveston District’s 
Commander Colonel Christopher Sallese conducted the meeting.  He was supported by USACE’ staff 
members:  Casey Cutler, Assistant Regulatory Branch Chief; Isidro Reyna, Public Affairs Specialist; Pam 
Thibodeaux, Head Registrar; Jayson Hudson, Project Manager, and Mark Lumen, Attorney-Advisor, 
Office of Counsel.  Three individuals gave public comments at the meeting and the 43 comments 
received during the public comment period and were analyzed and then organized into 20 categories.  Of 
the comments made or tabulated 26 percent focused attention on the need to provide detailed analysis 
from various perspectives on aquatic and terrestrial organisms including invasive species and their 
related habitat.  Effects from instream flows and freshwater flows to Galveston Bay represent an 
additional nine percent of comments received during the public comment period.  Other major issues 
receiving comment include hydrological impacts from the proposed project, land use and property value 
impacts, followed by comments relating to climate change, erosion and sedimentation, and water supply 
and water quality considerations. 

A letter from the Corps dated August 15, 2012, stated that the EIS must consider three action alternatives 
and a No Action alternative as reasonable alternatives to the proposed action.  Additionally, cumulative 
effects must be conducted in detail for each action alternative and included as a separate chapter.  
Alternatives 4 and 6 as described by the Applicant’s Alternatives Analysis Report (2007) were included in 
the DEIS with Alternative 3A and are described below. 

Alternative 4 - Trinity River at Capers Ridge through a Pipeline to Lake Houston 

Alternative 4 would meet the basic purpose of and need for the surface water supply and PN3 by 
conveying water from the Trinity River to Lake Houston via a pipeline to Lake Houston.  The diversion 
point for Alternative 4 is the Trinity River near Capers Ridge as shown on Figure 2-7.  A river intake and 
pump station would be constructed along the river’s west embankment.  Ancillary facilities would include 
an administration and control building, a maintenance facility, chemical storage and feed facilities, a fuel 
facility, resident operator housing, a potable water supply, onsite waste disposal, a power supply, 
communications, access roadways and related facilities. 

Two buried 9-foot diameter pipelines would convey the raw water approximately 24 miles directly into 
Lake Houston.  Most of the pipeline would be constructed adjacent to an existing Houston Natural Gas 
Company (HNG) pipeline easement south of Capers Ridge extending southwesterly to a point south of 
Farm-to-Market Road (FM) 1960.  The proposed pipeline alignment could be located adjacent to an 
existing Sunoco pipeline easement from FM1960 to Lake Houston.  About 126,300 linear feet of 
constructed improvements would be needed to develop this alternative into a conveyance facility. 

The pipeline ROW would traverse multiple land uses and natural areas as follows. 

 From Capers Ridge to SH 321, the approximate 8-mile-long ROW would mostly traverse the heavily 
wooded Trinity River floodplain. 

 From SH 321 to FM 1960, the approximate 10-mile long ROW traverses farmland and scattered 
wetlands and wooded areas as the ROW enters the upper Cedar Bayou watershed. 

 From FM 1960 to FM 2100, the approximate 3-mile ROW crosses the Cedar Bayou watershed.  It is 
carried under Cedar Bayou itself in a deep tunnel and is then tunneled under a number of 
Cedar Bayou’s western tributary streams.  
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As the ROW continues west of FM 2100, Alternative 4 would likely be either tunneled under existing housing 
development or located to avoid these land uses.  However, the proposed pipeline would not be able to 
avoid heavily wooded areas and wetlands west of FM 2100 and east of Lake Houston south of the FM 1960 
East Bridge across Lake Houston.  Development along Lake Houston’s eastern shore allows almost no 
opportunity to locate the ROW without being immediately adjacent to existing residential subdivisions.  The 
pipelines would discharge into Lake Houston close to the lake bottom, and would be designed to prevent 
posing a hazard to recreational boat traffic. 

Alternative 6 – TRPS through Pipeline to Lake Houston 

Alternative 6 would meet the purpose of and need for the surface water supply and PN3 by conveying 
water from the Trinity River at TRPS to Lake Houston via a two, 9-foot in diameter pipelines buried 15 feet 
below ground surface.  The diversion point for Alternative 6 is the lower Trinity River at the existing TRPS 
facility.  The existing river intake and pump station would be modified and/or expanded along the river’s 
west embankment.  Drawings provided in Appendix B of the LBITP DEIS show the existing TRPS.  The 
existing facilities would require upgrading and improvements, especially to the pumps themselves. 

The two, 9-foot in diameter pipelines would convey raw water from the lower Trinity River approximately 
21.6 miles to FM 2100 and then northward to Foley Road and then to the west to discharge directly into 
Lake Houston.  About 114,200 feet of constructed improvements would be needed to develop this 
alternative into a conveyance facility.   

From TRPS, the pipeline would be aligned in a 300-foot ROW and traverse farmland and patches of 
wooded areas and tunneled under multiple streams.  Between Hatchfield Road and Cedar Bayou’s main 
stem, residential areas would have to be traversed and ROW identified for the pipelines.  

The area along the Alternative 6 alignment supports a variety of land uses.  Industrial, commercial, and 
residential development exists along the proposed conveyance route.  Subdivisions are present along the 
alignment in the vicinity of Lake Houston and FM 2100. 

Major Conclusions 
Water Quality 
The proposed action would result in a direct impact of greater than three acres of state waters or 1,500 
linear feet of streams (or a combination of the two is above the threshold), and as such would not fulfill 
TCEQ Tier I criteria for the project.  The TCEQ water quality certification would therefore be required.  
Concurrent with Corps, Galveston District processing the Section 404 IP application, the TCEQ is 
reviewing this application under Section 401 of the Clean Water Act and in accordance with Title 30, 
Texas Administrative Code Section 279.1-13 to determine if the work would comply with state water 
quality standards. 

Waters of the United States (U.S.), Including Wetlands 
Unavoidable impacts to approximately 203.10 acres of jurisdictional aquatic resources were identified 
within the alignment's right-of-way (ROW) of the proposed action, of which approximately 200.95 acres 
are wetlands and 2.15 acres are waters of the U.S.  Approximately 118.93 acres are forested wetlands, 
25.55 acres are scrub/shrub wetlands, approximately 45.26 acres are emergent wetlands, and 
approximately 11.21 acres are open water associated with wetlands.  Of the 2.15 acres of U.S. waters, 
0.18 acre is unnamed tributaries, 1.67 acres are the Trinity River and 0.30 acre is the Lake Houston/Luce 
Bayou confluence.  The Applicant is proposing to compensate for unavoidable impacts by acquiring an 
approximately 2,953-acre tract within the Lower Trinity River Floodplain Habitat Stewardship Program 
acquisition boundary for the TRNWR and anticipated to be deeded to the USFWS.   
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Based on preliminary studies, the proposed mitigation property contains about 964 acres of forested 
wetlands, six acres of emergent wetlands, 25 acres of scrub/shrub wetlands and approximately 213 acres 
with mixed forested/emergent/scrub/shrub wetlands complexes.  The mitigation property is being 
investigated using the Approved Jurisdictional Determination (AJD) process under guidance by the 
USACE, Galveston District.  USACE, Galveston District is working and will continue to work with the 
Applicant to develop an approved Mitigation Plan for the proposed project. 

One area to be traversed by Alternatives 4 and 6 is the Cedar Bayou watershed.  About half of the 
watershed is in Harris County and the other half in Liberty and Chambers counties.  Cedar Bayou is a 
southward flowing stream originating in Liberty County and enters Galveston Bay approximately 60 miles 
from its headwaters.  The watershed encompasses approximately 202 square miles, and Cedar Bayou is 
the primary surface water feature.  About 128 miles of open streams exist within the Cedar Bayou 
watershed, inclusive of the bayou itself and its tributaries.  The watershed’s population is estimated at 
32,000 (Harris County Flood Control District 2011) 

Constructing and operating either improved canal conveyances or pipelines effect the watershed 
including altered drainage patterns and introducing other pollutants due to pipeline ROW or canal O&M.  
Mitigating these would require detailed management plans and consistent plan enforcement.  Generally, 
any conveyance alternative traversing the watershed would have the potential to adversely affect the 
watershed’s physical, chemical, and biological health.  Alternatives using the existing canal system could 
have a lesser impact on the watershed.  However, necessary improvements to the system as described 
earlier and the likelihood new canal alignments would be required to avoid wetlands reduces the 
feasibility to extensively use the existing canal system without major changes.   

The Cedar Bayou watershed crosses major streams and other waterways north of Galveston Bay.  At its 
confluence with Galveston Bay, TPWD considers Cedar Bayou as a critical wildlife habitat (TPWD, 2010).  
Due to its importance to the Galveston Bay system fisheries and other wildlife resources, and to concerns 
about its listing as an impaired stream (under Section 303(d)), the Houston-Galveston Area Council 
(HGAC) applied for and received a Section 319(h) grant from EPA to prepare a watershed protection plan 
for the Cedar Bayou watershed (HGAC 2011).  HGAC has been working with local stakeholders to 
systematically study the watershed and develop a protection plan.  To date, human induced impacts to 
the watershed have been found to contribute to reduced water quality in Cedar Bayou and its tributaries.  
Upper watershed development through farming, sanitary sewer and septic systems, avian and terrestrial 
wildlife, and domestic animals are all sources for adverse effects to water quality in the watershed.  Major 
additional concerns include increased sediment loads from altered drainage patterns due to continued 
urban development in the watershed. 

Alternative 4 would cause the least adverse effect on aquatic resources (wetlands and streams) when 
compared with the Applicant’s preferred alternative, Alternative 3A; however, this alternative would have 
greater adverse effects on other resources when compared to Alternative 3A (bottomlands, floodplain 
development, and vegetation important for wetland protection).  Alternatives 4 and 6 are located in the 
Cedar Bayou watershed which is a recognized resource that is vulnerable to direct, indirect, and 
cumulative environmental effects, and one that requires protection as part of a comprehensive watershed 
protection study by the area Metropolitan Planning Organization (i.e., HGAC).  Water quality and 
sediment impacts through floodplain and related development are principal concerns for the ongoing 
study.  Alternatives in the Cedar Bayou watershed would have to incorporate measures to minimize 
effects to sediment deposition in the Cedar Bayou and ensure ROWs maintenance activity did not further 
contribute to degraded water quality by using pesticides, insecticides, fertilizers or other ROW and facility 
maintenance program features.  Despite implementing such measures, the risk of detrimental or adverse 
permanent effects to the Cedar Bayou watershed and to the Cedar Bayou itself from the water supply 
conveyance system construction and O&M would remain a long-term concern.National Register of 
Historic Places 
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The staff archaeologist has reviewed the latest published version of the National Register of Historic 
Places (NRHP), lists with properties determined eligible, and other information sources.  The following is 
current knowledge about the presence or absence of historic properties and the effects the proposed 
project would have on these properties.   

A reconnaissance level inventory identified cultural resources potentially eligible for inclusion in the 
National Register of Historic Places, as documented in the draft report titled A Reconnaissance-Level 
Cultural Resources Survey and Historic Evaluation of the Luce Bayou Interbasin Transfer Project, Harris 
and Liberty Counties, Texas, dated March 2010 and prepared by Moore Archeological Consulting.  The 
reconnaissance-level inventory report was coordinated with the State Historic Preservation Officer 
(SHPO) and the USACE, Galveston District.  The LBITP Intensive-level Cultural Resources Survey 
Report was submitted to the SHPO on June 15, 2012 and included recommendations for further 
investigations by letter dated August 1, 2012.  The survey report confirmed that of the 25 candidate sites, 
seven previously identified sites 41LB42, 41LB97, 41LB99, 41LB103, 41LB104, 41LB112, and 41LB117, 
exhibit research potential, would likely be eligible for the NRHP, and would therefore require additional 
investigations to determine their eligibility or the need for project avoidance.  The USACE Galveston 
District is coordinating with the SHPO to confirm the need for additional investigations of the seven 
potentially eligible for NRHP listing and the lack of additional investigates needed for the remaining 
non-eligible identified sites.  The possibility of encountering unanticipated cultural remains during 
construction, maintenance, and ongoing property use cannot be precluded, even after investigative 
survey efforts have been completed.  During construction, cultural resources may be discovered, and 
would be addressed by implementing an Unanticipated Discoveries Plan. 

Threatened and Endangered Species 
The proposed action would not likely affect threatened and/or endangered species or their critical habitat.  
Consultation with the USFWS would be completed to document these findings. 

Essential Fish Habitat 
The proposed action may affect essential fish habitats.  The consultation requirements for the 
Magnuson-Stevens Fishery Conservation and Management Act have been initiated with the Notice of 
Intent published in the Federal Register on May 25, 2011.  The initial determination is the proposed action 
would not have a substantial adverse impact on essential fish habitat or federally-managed fisheries in 
the Gulf of Mexico.  The final determination relative to project impacts and the need for mitigation 
measures is subject to review by and coordination with the National Marine Fisheries Service.   

Non-indigenous Aquatic Nuisance Prevention and Control Act 
The zebra mussel (Dreissena polymorpha) and giant salvinia (Salvinia molesta) are the two aquatic 
invasive species of concern for the proposed project.  The proposed project could potentially provide 
habitats favorable to zebra mussels.  The proposed project would likely create additional habitat for 
benthic, mussel, and nekton species.  Risk analyses conducted for the proposed project stated if: zebra 
mussels become established in Lake Livingston, mussel larvae carried downstream in the lower Trinity 
River could be transported to Lake Houston via the proposed project from the Trinity River to Lake 
Houston.  Should a zebra mussel infestation occur in Lake Houston, only low-density populations would 
occur, as the larvae would be carried farther downstream into the Trinity Bay.  In addition, based on the 
water quality data reviewed in the analyses, the waterways and reservoirs on the watersheds of the San 
Jacinto and lower Trinity Rivers encompassed by the examined stations would be highly resistant to 
quagga mussel invasion due to their summer surface water temperatures being elevated above its 
incipient upper thermal limit of 28°C (McMahon 2012).  However, zebra mussels have a high incipient 
thermal limit (32°C) and could therefore establish a population in the waterways and waterbodies of the 
San Jacinto and Lower Trinity River watersheds.  As directed by USACE, Galveston District an Invasive 
Species Control and Management Plan for Zebra Mussels is being developed for the proposed project.  
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Control and management of giant salvinia will also conform to existing plans developed and implemented 
by Houston and the Applicant. 

Prime Farmland and Prime Farmland Soils 

Alternative 3A 
The proposed action may permanently remove approximately 745.80 acres of prime farmland soils from 
production and shift them to public land use.  Consultation with the USDA NRCS would be necessary to 
evaluate these potentially adverse impacts due to proposed LBITP-related construction, operation, and 
maintenance activities. 

Alternative 4 
The proposed action may permanently remove approximately 685.62 acres of prime farmland soils from 
production and shift them to public land use.  Consultation with the USDA NRCS would be necessary to 
evaluate these potentially adverse impacts due to proposed LBITP-related construction, operation, and 
maintenance activities. 

Alternative 6 
The proposed action may permanently remove approximately 618.32 acres of prime farmland soils from 
production and shift them to public land use.  Consultation with the USDA NRCS would be necessary to 
evaluate these potentially adverse impacts due to proposed LBITP-related construction, operation, and 
maintenance activities. 

Social and Economic Resources 
The area directly influenced by social and economic resources for the LBITP includes the proposed 
300-foot ROW for the proposed project elements including roads, the pipeline easement, canal, pump 
and discharge stations, sedimentation basin, proposed mitigation property, maintenance facility and areas 
with service utility lines.  For socioeconomic resources, the area of indirect effect includes the Region H 
RWP boundary.  Direct soil and economic effects are not anticipated to be significant for any of the action 
alternatives; these effects, however, are associated primarily with not implementing any of the proposed 
alternatives for the LBITP (Alternatives 3A, 4, or 6) so that an adequate supply of surface water is 
available to Houston through the 2040 planning year.  Potentially significant effects of the No Action (“No 
Build”) alternative include direct and indirect effects on socioeconomic resources as additional surface 
water supplies are needed exceeding existing amounts starting in 2020, through the 2040 design year, 
and beyond into the future. 

Environmental Justice 
The area directly influenced by the LBITP for environmental justice populations includes the proposed 
location for the Alternatives 3A, 4, and 6 ROW including roads, pipeline, canal, pump and discharge 
stations, sedimentation basin, proposed mitigation property, maintenance facility and areas with service 
utility lines. 

Alternative 3A  
The Alternative 3A area has four Census blocks in Liberty County and two in Harris County with greater 
than 50 percent minority populations.  Of these four Census blocks, the alignment of Alternative 3A would 
be constructed directly through one Census block, Block 1038, with a 64 percent minority population.  
This block has a population of 25 minority individuals that would be directly impacted by the construction 
of this alternative. 
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Alternative 4 
The Alternative 4 area has three Census blocks in Liberty County with greater than 50 percent minority 
populations.  Of these blocks, the alignment of Alternative 4 would be constructed directly through all 
three Census blocks (Block 1050 with 69 percent minority, Block 2008 with 69 percent minority, and Block 
3002 with 62 percent minority populations).  These blocks have a total population of 4,033 minority 
individuals who would be directly impacted by the construction of Alternative 4.   

The Alternative 4 alignment traverses an area containing several residential subdivisions, and large 
parcels with rural residences and agricultural operations.  These populated areas are surrounded by 
wetlands and undeveloped lands.  The construction of Alternative 4 would therefore cause land use 
changes and impacts to residential communities and agricultural operations; if rerouted to avoid these 
areas, the proposed pipeline alignment would impact wetlands, floodplains, vegetation important to 
wetlands functioning, and cause habitat fragmentation for wildlife in the area.  

Alternative 6 
The Alternative 6 area has three Census blocks in Liberty County with greater than 50 percent minority 
populations.  Of these blocks, the alignment of Alternative 6 would be constructed directly through all 
three Census blocks (Block 3044 with 51 percent minority, Block 3051 with 62 percent minority, and Block 
3079 with 100 percent minority).  These Census blocks have a total population of 322 minority individuals 
who would be directly impacted by the construction of this alternative.  

The Alternative 6 alignment traverses an area containing several residential subdivisions, and large 
parcels with rural residences and agricultural operations.  These populated areas are surrounded by 
wetlands and undeveloped lands including floodplains.  The construction of Alternative 6 would therefore 
cause land use changes and impacts to residential communities and agricultural operations; if rerouted to 
avoid these areas.  Alternative 6 would impact wetlands, floodplains, vegetation important to wetlands 
functioning, and cause habitat fragmentation for wildlife in the area. 

Issues to be Resolved 
USACE, Galveston District is reviewing the Section 404 IP application (SWG-2009-00188) submitted on 
behalf of the Houston by the Applicant to address the construction, operation, and maintenance of the 
Applicant’s preferred alternative, pursuant to Section 10 of the Rivers and Harbors Act of 1899, and 
Section 404 of the Clean Water Act.  Construction work proposed to be performed in the Trinity River and 
proposed fill material discharged into waters of the United States, including wetlands would require these 
permits.  USACE, Galveston District may issue, issue with modification, or deny either or both permits.  
The permit applications will be reviewed in accordance with 33 CFR 320 through 332, the Corps 
Regulatory Programs, and other pertinent laws, regulations and Executive Orders.   

With the heightened terrorist threat in the United States, it is important to manage security concerns 
associated with the LBITP water transfer to Lake Houston, a Houston metropolitan area drinking water 
supply source.  Contamination through biological agents would be a concern in open water situations 
such as canals or channels.  At roadway and other crossings, the raw water from the Trinity River could 
be contaminated and source water protection would be addressed to control threats to public safety 
related to source water protection requirements as implemented by the EPA.  In terms of citizen safety, 
installation of fencing surrounding the LBITP canal would be necessary to prevent accidental, 
water-related injuries from occurring.   

Security measures along the canal and LBITP Alternative 3A ROW would need to be implemented.  At 
present, the preliminary LBITP design incorporates the use of a 4-strand barb wire fence along the entire 
LBITP ROW alignment except at major roadway and pipeline or utility easement crossings.  In these 
locations, a 6-foot chain-link fence may be used to deter trespass and address safety and security 
concerns in areas with available public access such as at roadway crossings.  The proposed 
Alternative 3A alignment and ROW is remote, property parcels are relatively large in extent, and used for 



11 

Environmental Impact Statement 
Luce Bayou Interbasin Transfer Project October 2012 

agricultural purposes, therefore property access is already restricted and it is possible that security and 
fencing requirements in the vicinity of Alternative 3A would also be favorable to wildlife movement and 
habitat use.  The proposed CRPS facilities at the Trinity River (Alternatives 3A and 4) would be 
surrounded by security chain-link fencing topped with 4-strand barb wire and would contain ownership 
information and no trespassing signage.  The existing TRPS (Alternative 6) and the proposed pipeline 
easement would also need fencing to manage security.  However, the ability for wildlife to migrate 
through the project area would be restricted considering the type of security fencing that may be needed 
for public protection of drinking water supplies—these issues would need to be resolved.  

The decision whether to issue a permit will be based on evaluating the probable and cumulative impacts 
from the proposed activity on the public interest.  That decision will reflect the national concern to protect 
and limit important resources use.  Benefits reasonably expected to accrue from the proposal must be 
balanced against its reasonably foreseeable detriments.  All possible relevant factors to the proposal will 
be considered.  Among those are conservation, economics, aesthetics, general environmental concerns, 
wetlands, historic properties, fish and wildlife values, flood hazards, floodplain values, land use, 
navigation, shore erosion and accretion, recreation, water supply and conservation, water quality, energy 
needs, safety, food and fiber production, mineral needs and, in general, the needs and welfare of the 
people. 
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Abbreviations and Acronyms 

AAHU Average annual habitat rate 
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ACHP Advisory Council on Historic Preservation 
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AEP Annual exceedence probability 
Afy Acre feet per year 
ArcGIS Geographic Information System Software 
APE Area of Potential Effect 
AQ Aquatic Ecosystems 
AST Above Ground Storage Tanks 
ASTM American Society for Testing and Materials 
BBASC Basin and Bay Area Stakeholder Committee 
BBEST Basin and Bay Expert Science Team 
Bcf Billion cubic feet 
B&E Bay and Estuary 
BGEPA Bald and Golden Eagle Protection Act 
BGS Below ground surface 
BMP Best Management Practices 
BP  Before Present 
C Cost 
CAA Clean Air Act 
CAAAA Clean Air Act Amendments 
CCN Certificate of Convenience and Necessity 
CCP Comprehensive Conservation Plan 
CEA Cumulative effects analysis 
CEPRA Coastal Erosion Planning and Response Act 
CEQ Council on Environmental Quality 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
CFR Code of Federal Regulations 
CFS Channel flow status 
Cfs Cubic feet per second 
CI Chief Inspector 
CLOMR Conditional Letter of Map Revision 
CMSWLI Closed Municipal Solid Waste Landfill Inventory 
CN Curve numbers 
CO2 Carbon dioxide 
CO Carbon monoxide 
CRP Clean Rivers Program 
CWA Coastal Water Authority 
DA Department of the Army 
dB Decibels 
dBA Sound levels 
DEIS Draft Environmental Impact Statement 
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DOQQ Digital Ortho Photo Quarter-Quadrangle 
DOT Department of Transportation 
EA Environmental Assessment 
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E.O. Executive Order 
EPA Environmental Protection Agency 
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GOM Gulf of Mexico 
GLO General Land Office 
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LBWTP Luce Bayou Water Transfer Project 
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O&M Operation and Maintenance 
OPA Oil Pollution Act 
OSHA Occupational Safety and Health Administration 
OSSF On-Site Sewage Facilities 
PALM Potential Archeological Liability Map 
PASA Population and Survey Analysts Inc. 
PCBs Polychlorinated biphenyls 
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1.0 PURPOSE OF AND NEED FOR THE LUCE BAYOU INTERBASIN 
TRANSFER PROJECT (LBITP) 

1.1 Introduction 
This Chapter describes the purpose of and need for the action, the U.S. Army Corps of Engineers 
(USACE) role in the Environmental Impact Statement (EIS) process, and the required regulatory actions 
for the proposed project. 

1.1.1 Applicant’s Stated Purpose 
USACE has concluded its decision to issue, issue with conditions, or deny the Coastal Water Authority 
(Applicant) a Department of the Army (DA) individual permit, pursuant to the Clean Water Act, 
Section 404 and the 1899 Rivers and Harbors Act, Section 10.  This is a major federal action having the 
potential to significantly affect the quality of the human environment.  Therefore, the USACE is preparing 
this EIS to comprehensively assess the impacts from the Applicant’s proposed action, and determine 
reasonable alternatives including identifying the least environmentally damaging alternative. 

The Applicant intends for the Luce Bayou Interbasin Transfer Project to achieve the following. 

 Comply with a regulatory mandate from the Harris-Galveston Subsidence District (HGSD) to control 
subsidence by significantly reducing and eventually eliminating the current heavy reliance on 
groundwater supplies to meet water demand.  The Applicant sees the LBITP as a major part of the 
surface water development strategy which enables water use reduction according to the subsidence 
district timeline. 

 Transfer enough surface water to the Northeast Water Purification Plant at Lake Houston to provide a 
long-term and reliable municipal water supply which will meet the future population growth forecast by 
the Texas Water Development Board’s 2011 Region H Regional Water Plan and water contract 
commitments to major customers. 

 Provide the required surface water supply by exercising previously secured long-term contracts for 
additional water rights in Lake Livingston, and construct water conveyance facilities using previously 
acquired property to convey water to Lake Houston, city of Houston’s (Houston) primary water supply 
reservoir. 

The USACE has determined the basic purpose for the proposed action is to provide municipal water 
supply for Houston and the surrounding area from surface water sources.  The overall purpose is to 
provide this water using surface water rights currently available to Houston from Lake Livingston in the 
Trinity River basin. 

1.1.2 Applicant’s Stated Need 
The Applicant has identified two distinct needs requiring their proposed project as follows. 

 Houston must meet a statutory requirement by HGSD to significantly reduce groundwater use.  Houston 
proposes to accomplish this regulatory requirement by using existing available surface water supplies 
for its source water supply.  Long-term groundwater use is unsustainable, as it causes land subsidence 
(land loss) over significant areas in the Harris-Galveston area.  Houston cannot replace the groundwater 
resource with surface water and continue to meet demand without drawing on a portion of its existing 
surface water rights for water outside the San Jacinto River basin.  
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 Houston’s permitted water rights in the San Jacinto River basin total 258 million gallons per day (MGD) 
including water rights in Lake Houston and Lake Conroe.  Groundwater supply and permitted rights to 
Trinity River water under contract from the Trinity River Authority (TRA) (Dayton Canal) make up the 
remaining supply Houston uses to meet current demand.  To meet near-term forecast municipal growth 
within Houston and contract commitments to major customers outside Houston from multiple regional 
water authorities, Houston must exercise its contractual rights to water in Lake Livingston located in the 
Trinity River basin. 

 Houston's average daily water demand is projected to increase from about 450 MGD in 2011 to 
1,200 MGD by 2030.  Between 2030 and 2050, demand is forecast to be between 1,300 and 1,400 
MGD (Houston Water Master Plan; Jun Chang, Houston, Meeting Long-Term Water Demands for 
Houston and Surrounding Area, 2010).  No existing surface water source in the San Jacinto River basin 
can meet these projected increased demands.  Growth from surface water supplies must use Trinity 
River water as a major water source. 

1.1.3 U.S. Army Corps of Engineers' (USACE) Determined Purpose and Need 
The EIS’s scope of analysis requires the USACE to consider and express the proposed activity’s 
underlying purpose and need from a public interest perspective while generally focusing on the 
applicant's stated need and purpose.  The USACE has defined the purpose and need for the project from 
the Applicant's and the public's perspective. 

1.1.3.1 U.S. Army Corps of Engineers' (USACE) Basic Purpose and Water Dependency 
The basic purpose for the proposed action is to provide municipal water supply for Houston and the 
surrounding area.  This proposed action does not require access or proximity to or siting within a special 
aquatic site, such as a wetland, to fulfill its basic purpose. 

1.1.3.2 U.S. Army Corps of Engineers' (USACE) Overall Project Purpose 
The overall purpose of the proposed project is to provide municipal water supply from water rights 
currently held by the City of Houston.   

1.2 Background 
This section describes in detail how the two underlying needs for the proposed project and how these 
needs have developed over time, and why they have become consequential for how Houston identifies its 
surface water supply sources.  This section also describes the Applicant’s view about the purposes to be 
achieved if the needs were met by the proposed project. 

1.2.1 Groundwater Supply Limits and Consequences of Subsidence 
Groundwater supply is still a critical source for the Houston area's municipal water.  At the same time, the 
Houston area land subsidence caused by fluid extraction, including water and to a somewhat lesser 
extent oil, has caused extensive damage to industrial and transportation infrastructure, motivated 
investments in levees, reservoirs, and surface water distribution systems, and caused substantial losses 
of wetland habitat (U.S. Geological Survey [USGS] 1999). 

1.2.1.1 Advent of State-Enacted Districts to Manage Subsidence 
Extensive and damaging land subsidence had occurred by the mid-1970s such that Houston area civic 
leaders were encouraged by the Texas legislature to create the HGSD to end subsidence which 
contributes to or precipitates flooding, inundation, and overflow in any area within HGSD (HGSD 2011). 
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This unique District was authorized by the state of Texas to issue or deny well permits, promote water 
conservation and education, and promote conversion from groundwater to surface water supplies 
(HGSD 2011).  In the areas outside HGSD boundaries, subsidence continued as groundwater use 
expanded.  By the late 1980s, a need was identified to create an additional subsidence district in Fort 
Bend County, adjacent to Harris County, Texas.   

1.2.1.2 Subsidence Impacts on Urban and Natural Systems 
Subsidence's physical consequences are readily apparent.  In many low lying coastal areas near 
Houston, as much as 10 feet of subsidence has re-defined shorelines, turned wetlands into open water 
areas, and caused important cultural resources to be submerged.  Near the San Jacinto Monument, 
approximately 100 acres of the San Jacinto battlefield park are under water due to subsidence.  The 
remaining park land is protected from the bay by levees.  Areas protected by levee systems also require 
rainfall to be pumped out.  Subsidence has also caused surface fault movement leading to structure 
damages and ongoing maintenance issues for crossing roadways, pipelines and other infrastructure.  

Subsidence increases flooding's frequency and intensity and the amount of land subject to tidal 
inundation.  Hurricane evacuation routes are more vulnerable by being flooded far in advance of 
approaching storms.  Coastal areas experience increased flooding incidences because land areas have 
lost elevation.  In 1938, the Brownwood subdivision near Baytown, Texas was about 10 feet above sea 
level.  By 1978, it was only 2 feet above sea level and vulnerable to storm tides and heavy rainfall 
flooding.  Flooding related to Hurricane Alicia in 1982 caused the subdivision to be completely 
abandoned.  

Subsidence also alters natural and engineered drainage ways by reducing or increasing pre-existing 
gradients.  Reduced gradients decrease the flow rate within channels, and may thereby increase the 
chance for storm water runoff to flood.  Increased gradients may locally increase runoff velocities while 
increasing flooding chances downstream.  Changed gradients can also alter stream-flow characteristics 
leading to channel erosion and sediment deposition.  Figure 1-1 shows HGSD’s regulatory Area 3’s 
Historical and Predicted Subsidence, 1906 to 2030 (USGS 2011). 

Wetland losses due to subsidence are varied and cause significant effects to area stream and bay 
fisheries.  An estimated 26,000 acres of emergent wetlands in the Galveston Bay system have been lost 
to subsidence impacts along shorelines (USGS 1999).  Once destabilized, shorelines may not rebuild 
completely due to a variety of other causes including: 

 Wave actions,  

 Natural and manmade sediment loss due to reservoir construction on the riverine systems flowing into 
Galveston Bay, and  

 Relative sea level rise exacerbated by subsidence, which drowns shoreline marsh vegetation.   

The combination of these man-induced changes and natural processes results in reduced wetland 
habitat, which is the foundation for commercial and recreational fisheries (USGS 1999). 

Subsidence's extent continues to be monitored using increasingly precise technology such as radar 
interferometry (Buckley et. al. 2003).  One effort to quantify the subsidence extent was accomplished by 
USGS scientists who provided the description of subsidence provided in the next section. 

By 1943, subsidence had begun to affect a large part of the Houston area although the amounts were 
generally less than 1 foot.  By the mid-1970s, six or more feet of subsidence had occurred throughout an 
area along the Ship Channel between Bayport and Houston, as a result of declining groundwater levels 
associated with rapid industrial expansion.  During this time, subsidence problems took on crisis 
proportions, prompting the HGSD to be created.  By 1979, up to 10 feet of subsidence had occurred and 
almost 3,200 square miles had subsided more than one foot (USGS Galloway et. al. 1999). 
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Earlier estimates indicated some 4,700 square miles had subsided by one-half foot between 1947 and 
1973, mostly in the Houston-Galveston area's southeastern portions (Brown and Root Engineers 1979). 

1.2.1.3 Subsidence's Cost 
Subsidence's cost has been calculated in various ways.  One estimate placed the annual cost to reclaim 
land, elevate structures including roadways, relocate other infrastructure, and construct levees for the 
1969 to 1974 period at over $90 million annually in 1998 dollars.  Restoring dock and wharf facilities 
along the Houston Ship channel, and repairing damages to refineries has been estimated at over $340 
million (1998 dollars).  Other infrastructure damage and structure damage estimates to residences and 
businesses across subsidence-affected areas are in the billions of dollars.  The cost for wetland losses 
and resulting impacts to fisheries has not been estimated (USGS 1999). 

Figure 1-1:  
Historical and Predicted Subsidence 
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Implementing the 1976 Subsidence District plan caused Galveston Bay industries to convert from using 
groundwater to surface water using supplies from Lake Livingston in the Trinity River basin.  The 
conversion helped Baytown and Pasadena land areas recover from some problems caused by 
subsidence.  Surface water supplied from Lake Houston in the San Jacinto River basin plus additional 
water from Lake Livingston led to slowed and halted water level declines, and raised water levels over a 
large area.  Houston's eastern areas have seen less subsidence since the conversion, but areas in the 
western areas, primarily Area 3 (Figure 1-2), have experienced accelerated subsidence because 
groundwater has not been reduced to the same degree.  The Fort Bend Subsidence District (created in 
1989) has also developed a regulatory action plan which would reduce that county’s groundwater 
pumpage by 80 percent by 2020. 

Figure 1-2 shows Areas 1, 2, and 3 Conversion Requirements in the 2009 Surface Water Conversion 
Plan for HGSD.  Generally, Houston's metropolitan areas and surrounding communities and industrial 
land uses are being regulated in their groundwater use.  The goal is to significantly reduce groundwater 
use through conservation and by transitioning to surface water supplies.  Various areas have different 
transition or conversion objectives, but stopping subsidence by significantly reducing or even eliminating 
groundwater use is the principal goal. 

Figure 1-2:  
Harris-Galveston Subsidence District (HGSD) Surface Water Conversion Plan 
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1.2.1.4 Sea Level Rise and Subsidence 
Near the coast, the net result from land subsidence is an apparent increase in sea-level or relative sea-
level rise.  This effect is also noted on a global basis as sea-level rise and regional land subsidence 
combine to significantly affect coastal zones.  The combined effects from the actual sea-level rise and 
natural sediment consolidation along the Texas Gulf Coast yield a relative sea-level rise from natural 
causes that locally may exceed 0.08 inches per year (USGS 1999; Coplin; Galloway and Paine 1993). 

During the 20th century, human-induced subsidence has been the dominant cause for relative sea-level 
rise along the Texas coast, exceeding one inch per year throughout much of the affected area.  This 
subsidence has principally resulted from extracting groundwater, and to a lesser extent extracting oil and 
gas from subsurface reservoirs (USGS 1999). 

1.2.1.5 Groundwater Reduction 
Regulating Houston area's groundwater use is a scheduled process.  Each numbered regulated regional 
area is carefully monitored in its ground and surface water use as shown in Figure 1-3 (HGSD 2011).  

Figure 1-3:  
Groundwater Pumpage History by Area  

Source: HGSD 2011 
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As of 2010, the conversion to surface water in Regulatory Area 1, which includes Galveston, Brazoria, 
and Harris County coastal areas, was almost complete.  This area had pumped over 140 MGD in 1976, 
but by 2010 Area 1 had extracted less than 9 MGD.  Area 2, which encompasses southeast, south central 
and parts of west and southwest Harris County, had pumped almost 40 MGD in 2010, which is a 
significant reduction from previous decades.  In the 1970s through the early 1990s, Area 2 was pumping 
more than 120 MGD on the average, and major reductions were not realized until the early 2000s. 

Area 3 pumped more than 195 MGD in 2010, which reflects this area’s lack of surface water availability.  
The water contracts between Houston and the various water authorities which have organized in Area 3 
would allow this area to significantly reduce groundwater use and thereby reduce subsidence's ongoing 
effects. 

To meet the expected future water demands for Areas 2 and 3, Houston must supplement Lake Houston 
and Trinity supplies with additional supplies from the Trinity River.  The supplies were permitted in Lake 
Livingston and already contracted to Houston.  The additional water supply will also allow reduced 
groundwater use for Area 3 in 2020, when this water will be available to the water authorities.  In 2010, 
the public water supply demand in Area 3, sourced by groundwater, was calculated to be 178 MGD 
(HGSD 2011).  The group of Area 3 water authorities has contracted with Houston to provide 221 MDG in 
treated water by 2020.  This would significantly reduce the need to use groundwater for public supply.  
This calculation does not consider other groundwater uses such as for industry or agriculture.  It is clear 
the new surface water supplies by way of the LBITP will contribute substantially to Area 3’s decrease in 
groundwater use (Houston 2011; HGSD 2011). 

1.2.1.6 Water Demand and Conversion to Surface Water 
The combined increased water demand for future growth, the need to significantly reduce groundwater 
usage, and because Houston is already using all its existing water supplies from the San Jacinto River, 
drives Houston to use its extensive available Lake Livingston water supplies.  Because Houston and 
water authorities have developed the transmission lines and other infrastructure needed to distribute 
surface water to Area 3, a means to convey Lake Livingston water to the Northeast Water Purification 
Plant (NEWPP) in Lake Houston must be developed (Figure 1-4). 
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Figure 1-4:  
Infrastructure Map 
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1.2.2 Surface Water Supply Availability 
Houston’s water system, begun in 1878, was initially focused on developing groundwater resources for its 
municipal supply.  By the 1940s, concerns related to water quality and cost impacts caused the ground 
resources to be reviewed.  During the 1950s, Houston began to develop surface water to add to the 
existing groundwater supplies.  Houston’s population essentially doubled approximately every 20 years, 
and the continuing demand for more and more water became a major issue (Los Angeles Times 2000; 
Rice Center 1978). 

Planning for Houston’s first water supply reservoir began in the late 1930s.  In 1954, the Lake Houston 
reservoir was developed by damming the East Fork of the San Jacinto River.  In 1969, a new dam in Polk 
County on the Trinity River created Lake Livingston, and a second dam in Montgomery County on the 
San Jacinto River north of Lake Houston created Lake Conroe.  In 2002, land and water rights were 
acquired for an off-channel dam in Austin County to be built on Allen’s Creek, which would take 
floodwaters from the nearby Brazos River.  These four reservoirs create a substantial water supply asset 
for the region. 

Houston's infrastructure investments in major water supply reservoirs, large groundwater pumping 
facilities, multiple water treatment plants (including various expansions between 1953 and 2006), along 
with distribution lines and related storage and pumping facilities, positioned Houston to become the major 
water provider for the entire metropolitan area.  In 2009, the Houston water system averaged 347 MGD of 
water delivered with a 585 MGD maximum capability (Houston Department of Public Works 2011).  This 
water was provided to almost three million residents and customers through 7,500 miles of waterlines 
(Houston 2011).  Houston's evolving water system investments, its early water rights acquisitions, long-
term supply contracts, and consistent policy to retain these rights have proven to be comprehensive.  No 
other entity has developed a parallel or competing system.  Houston has become the de facto principal 
water provider in Harris County and a significant water provider in surrounding counties. 

1.2.2.1 Reasons for Surface Water Resource Development 
Rapid population growth, industrial demand and water costs stimulated surface water resources 
development.  The low cost for early groundwater water well systems and subsequent years providing 
minimal management and budgeting to maintain and expand that water system caused Houston to fall 
behind in its ability to provide for future water demands.  By 1938, rapid population growth outstripped the 
water system’s ability to meet current demands.  Engineers told Houston the water system needed to be 
many times larger with a significantly larger budget and required a separate governing board to manage 
the system (Houston Chronicle, Alvord, Burdick, Howson 1938). 

Economics and an aversion to continued groundwater well system use also stimulated the early surface 
water resource development.  In the late 1930s, people thought surface water costs would decrease with 
increased use, while well water would increase in cost or remain constant (Houston Chronicle 1938).  
Further, well water was regarded as easily polluted by salt water encroachment leading to well 
abandonment.  The San Jacinto River was judged to be a superior water source from a water quality 
standpoint, and may be the most easily treated or purified for municipal use.  At the same time, the 
engineers recommended developing the San Jacinto River water resource.  They also recommended 
evaluating a means to access Trinity River water and identified the area along Capers Ridge as a likely 
location for diverting Trinity River water to supplement Lake Houston (Houston Chronicle 1938). 

Houston followed up on this recommendation in the 1950s, and acquired water rights in Lake Livingston 
and the Trinity River to impound, divert, or use state waters for municipal, agricultural, industrial, and 
recreational uses. 
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1.2.2.2 Using Water Rights and Previously Acquired Property 
The state of Texas Permit in 1973 and the Certificate of Adjudication in 1986 allowed Houston to begin 
developing a location to move water from the Trinity River into the bed and banks of Luce Bayou for 
transport to Lake Houston.  Houston applied for and received permits from many agencies to accomplish 
this work, including a DA permit to construct a pump station on the river and associated conveyance 
facilities needed to divert water into Luce Bayou and on through to Lake Houston. 

Houston initiated engineering studies to verify the Capers Ridge location is a reasonable place to divert 
water from the river.  Among the multiple alternative sites reviewed for the ‘take point’, Capers Ridge 
offered the following advantages. 

 Provided a river bank site elevated so the site was not in the 100-year floodplain — an unusual 
circumstance, because the floodplains north and south of the site extended much farther west beyond 
the river’s western bank.  

 The site soils were suitable for construction in contrast to sites north and south, which would require 
extensive and costly foundation systems.  

 The site was located at a point in the river where current velocities minimized siltation. 

 The site was close to the upper reaches of Luce Bayou. 

USACE plans (at the time) for a multi-purpose navigation channel in the Trinity River did not require 
realigning the river in the Capers Ridge area as was planned for reaches north and south of this location 
(Brown and Root Engineers 1979). 

Houston applied for and received a DA permit allowing work to proceed on the river for the pumping 
station.  Houston ultimately acquired the land areas needed on Capers Ridge to complete the various 
facilities required for pipelines, canals, sedimentation basins and other components needed to convey 
water to Luce Bayou.  An extension to the USACE permit was acquired resulting in renewing this permit 
until 1987.  The Luce Bayou project did not move forward until 2005. 

The cost and requirements for converting Areas 1 and 2 to surface water were the primary reasons Luce 
Bayou in Area 3 was delayed.  To meet the regulatory requirements for reducing groundwater usage in 
Areas 1 and 2, the water systems serving those areas needed major expansions and modifications to 
convert to surface water supplies.  These efforts included significant improvements to Applicant’s existing 
Trinity Pumping Station and conveyance canals and pipelines serving the southeast and east Water 
Purification Plants.  Major expansions to those treatment plants and to the storage and conveyance 
facilities serving those plants were also required.  These expansions involved a broad initiative for those 
areas needing to reduce or even cease groundwater use as soon as possible.  They were very costly for 
Houston, so little effort was possible for Area 3.   

When Areas 1 and 2 began to show subsidence control results, the continued population growth in the 
Harris and Fort Bend Counties' suburban areas created increased groundwater use.  Inevitable 
subsidence issues in Area 3 resulted, which moved these metropolitan areas ahead of others, and the 
Luce Bayou project came to the front.  A new water purification plant on Lake Houston was completed. 
During this same time, the new system of regional water authorities was created to facilitate groundwater 
reductions in Area 3 and in Fort Bend County.  By 2005, the time had come to re-set the priorities for 
groundwater reduction in these areas and to provide for surface water supplies.  Thus, the LBITP was 
reactivated. 
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1.2.2.3 Houston’s Water Rights and Permitted Water Supply 
Figure 1-5 provides a vicinity map of the affected areas.  Table 1-1 identifies the surface water rights, 
groundwater availability, and other contracts for permitted water rights Houston has available in 2011.  
The map shows 60 MGD of water supply in Lake Conroe as being available to Houston.  However, this 
existing permitted water is only conditionally available to Houston during an interim period prior to LBITP's 
completion due to a 2009 agreement between Houston and the San Jacinto River Authority (SJRA).  The 
SJRA plans to use this existing Lake Conroe water for its Groundwater Reduction Plan in Montgomery 
County, and has provided Houston with an equivalent amount of replacement water it owned within Lake 
Houston (San Jacinto River Authority 2011).  As a consequence, Houston does not regard this water 
supply as a current water source (Jun Chang, Houston 2011).  No other existing water rights are available 
within the San Jacinto River basin.  

Table 1-1:  
Houston Water Supply 

Water Sources MGD 

Surface Water Rights 

San Jacinto River Basin  

 Lake Conroe 60 

 Lake Houston 198 

Trinity River Basin  

 Lake Livingston 806 

 Dayton Canal 34 

 Wallisville 34 

 Barbers Hill Canal 40 

Brazos River Basin  

 Allen’s Creek 62 

Total Permitted Water Rights 1,234 

Permit Pending: Bayou 143 

Permit Pending: Reuse 519 

AVAILABLE GROUNDWATER 235* 

TOTAL WATER AVAILABLE 2,131 

* Per Subsidence District Rules 

Source:  Houston Department of Public Works 2011 

Figure 1-6 depicts the total surface water demand forecast from 2010 to 2050.  This graph demonstrates 
when the water contract commitments to multiple regional water authorities are combined with Houston’s 
existing surface water demand, the total demand and total permitted surface water rights are essentially 
equal by 2045. 

The Region H Regional Water Plan developed through the Texas Water Development Board forecasts 
Houston's metropolitan area population will have grown to over 8 million by 2040.  
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Figure 1-5:  
Houston’s Surface Water Supply Sources 
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Figure 1-6:  
Total Surface Water Supply and Demand Forecast 

Year 

Source: Houston 

1.2.2.4 Long-Term, Stable (Reliable) Water Supply 
The Lake Livingston water supply is seen to be a long-term resource even during extreme drought 
conditions.  Because Houston can rely on this water source, it represents security for its customers.  
Note, a reliable water supply means the water is available even during record drought conditions. 

1.2.3 Water Authorities and Other Houston Water Customers 
Houston provides treated and untreated water to a variety of consumers throughout the Houston region.   
Customers include commercial industry, heavy industry (such as refineries), utility districts, residential 
customers, incorporated municipalities and villages, and others (Figure 1-7).  Various wholesale 
purchasing entities also exist within Houston's service area.  They contract with Houston to purchase 
treated water supply for ultimate re-sale to individual customers or to other systems with additional retail 
customers.  In early 2000, the state legislature began authorizing the formation of regional water 
authorities for multiple purposes including providing water delivery infrastructure, conserving groundwater 
and other purposes.  These authorities include:  North Harris County Regional Water Authority, Central 
Harris County Regional Water Authority, West Harris County Regional Water Authority, North Fort Bend 
County Water Authority, and one group which shares operating and maintenance costs for Houston’s 
Southeast Water Purification Plant (Friendswood, Webster, Pasadena, and the Gulf Coast Water 
Authority).  This group is referred to as the Southeast Co-Participants. 
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Figure 1-7:  
Houston's Treated and Untreated Water Customers 

Source: Houston 

Water Authorities’ Demand Projections 

The water authorities have executed treated water contracts with Houston consistent with the specific 
geographic area population growth forecasts developed by the authorities for the areas under their 
jurisdiction.  The contracts require Houston to provide specific water volumes to the authorities by 2020, 
2025, and 2030 at a negotiated cost.  Figure 1-8 displays Houston's Demand Projections and the Water 
Authorities contracted demand (Houston 2011). 

One of the primary reasons for creating the water authorities was to provide a regional entity to finance, 
construct, and operate surface water delivery infrastructure to rapidly growing unincorporated areas.  
Water service is exclusively provided by multiple utility districts (over 500 districts in the Harris and Fort 
Bend County metropolitan areas) using small self-contained groundwater supply systems.  The utility 
districts, also authorized by the legislature, allow for development (primarily the providing streets, 
drainage, and water/wastewater infrastructure) in areas outside Houston by selling revenue bonds to 
finance the required infrastructure.  All these districts originally developed exclusively groundwater-based 
systems due to the lower cost for such developments.  Because providing municipal water supply using 
surface water is more complex and costly, a regional approach as provided by the water authorities, is 
required to keep the service cost at more reasonable rates and to maintain more local representation and 
control in the contracts with Houston.  
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Figure 1-8:  
Houston and Water Authorities Demand Projections 

Source: Houston 

1.2.3.1 Population Growth 
Population forecasts for water resource planning have been given a state framework through the regional 
water planning program mandated by Senate Bill 1.  The Texas Water Development Board (TWDB) has 
been tasked with identifying water demand, supplies and future water management strategies for the 
entire state.  They chose to accomplish this by creating 16 regional water planning groups representing 
diverse interests in specific regional geographic areas.  As part of the state’s planning process, the 
TWBD, works with the state demographer to develop population growth forecasts which are used by the 
regional water planning groups to develop their water management strategies.  The Houston metropolitan 
area is a part of 15 counties within Region H.  The state forecasts Harris County will grow from just over 
4.0 million in 2010 to almost 6.0 million by 2040 (TWDB 2011) (Table 1-2), which accounts for 64 percent 
of the almost 9 million total forecasted population by 2040 in the 15 county region.  
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The Applicant and the state, by the state approving the Region H Plan, see Houston’s use of its existing 
contracted water rights in Lake Livingston to be essential for meeting near term and 25-year population 
growth water demands.  Table 1-3 shows Region H’s water demand projections in 10-year increments to 
2060. 

Table 1-2:  
Region H Population Projections 

County 2010 2020 2030 2040 2050 2060 

Austin 27,173 30,574 32,946 34,355 35,031 35,958 

Brazoria 305,649 354,708 401,684 444,981 490,875 538,795 

Chambers 34,282 40,786 46,838 52,083 57,402 62,850 

Fort Bend 550,121 719,737 893,875 1,090,710 1,348,851 1,643,825 

Galveston 268,714 284,731 294,218 298,057 300,915 302,774 

Harris 4,078,231 4,629,335 5,180,439 5,731,543 6,282,647 6,833,751 

Leon 18,231 21,137 22,863 22,971 22,809 23,028 

Liberty 81,930 94,898 107,335 119,519 132,875 147,845 

Madison 13,905 14,873 15,644 16,364 17,002 17,560 

Montgomery 453,369 588,351 751,702 931,732 1,169,199 1,444,999 

Polk (part) 37,650 42,196 45,779 48,561 51,535 54,380 

San Jacinto 27,443 32,541 36,617 39,159 40,630 41,299 

Trinity (part) 11,571 12,485 12,786 12,631 12,131 11,673 

Walker 70,672 77,915 81,402 80,547 80,737 80,737 

Waller 41,137 51,175 62,352 74,789 89,598 106,608 

Region H Total 6,020,078 6,995,442 7,986,480 8,998,002 10,132,237 11,346,082 

Source: Texas Water Development Board 2011 

Table 1-3:  
Region H Water Demand Projections (in acre-feet/year) 

Harris 2010 2020 2030 2040 2050 2060 

Municipal 709,300 789,397 868,320 948,412 1,030,899 1,119,593 

Manufacturing 395,997 424,761 449,218 470,881 487,094 478,957 

Steam-Electric 7,728 23,962 28,015 32,955 38,977 46,317 

Mining 1,282 1,434 1,529 1,624 1,720 1,805 

Irrigation 15,300 15,300 15,300 15,300 15,300 15,300 

Livestock 1,133 1,133 1,133 1,133 1,133 1,133 

Total Water Use 1,130,740 1,255,987 1,363,515 1,470,305 1,575,123 1,663,105 

Source: Texas Water Development Board  
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1.3 Authorizing Actions That May be Required 
This permit application is being reviewed pursuant to Section 10 in the Rivers and Harbors Act of 1899, 
and Section 404 in the Clean Water Act.  Proposed work in the Trinity River and the proposed fill material 
discharge into waters of the U.S., including wetlands require these permits.  The USACE may issue, issue 
with modification, or deny either or both permits. 

Other permits and certifications that may be required for the proposed project are as follows. 

 Texas Commission on Environmental Quality (TCEQ)’s Section 401 State Water Quality Certification 

 Certificate of Adjudication 09-4621 (TCEQ’s water rights diversion permit) 

 TCEQ’s Texas Pollutant Discharge Elimination System (TPDES) General Permit for Construction 
Activities with Stormwater Management BMPs (and Plan) 

 Harris County / Harris County Flood Control District (HCFCD) and Houston Storm Water Quality (SWQ) 
permit requirements (includes, SWQ permit application post-construction requirements) 

 Texas Parks and Wildlife Department (TPWD) Revenue Sand Permit  

 Texas General Land Office Miscellaneous Easement for the Trinity River 

 Federal Emergency Management Agency (FEMA) floodplain Conditional Letter of Map Revision 
(CLOMR) or Letter of Map Revision (LOMR) with U.S. Fish and Wildlife Service (USFWS) authorization 
for Threatened and Endangered (T&E) species/habitat evaluation (if or as needed) 

 Authorization from a variety of pipeline owners or operators with project crossings 

 Railroad Commission of Texas (RRC) authorization for construction near oil and gas wells (if needed) 

 Federal Energy Regulatory Commission (FERC) or ENSTOR permit for construction near the ENSTOR 
Houston HUB & Storage facility 

 Local authorizations from Liberty County and Harris County near Lake Houston for construction 
activities 

 Houston authorization for construction of discharge structure into Lake Houston  

 TCEQ/TPWD Bed and Banks permit for Trinity River and Lake Houston 

 TCEQ permits for Above Ground Storage Tanks (AST) for construction fueling and possibly an Spill 
Prevention, Control and Countermeasure (SPCC) plan  

 Depending on size, possibly permits for emergency diesel generator at Capers Ridge pump station 

 Texas Department of Transportation (TxDOT) permit and easements within and for roadway crossing 
construction 

 Texas Public Utility Commission electrical power distribution system installation permit (responsibility of 
Sam Houston Electric Cooperative [SHECO]) 

 Utility routing permits as necessary (maintenance facility sanitary sewer, electrical, etc. for example) 

 Natural Resources Conservation Service (NRCS) authorization for impact to prime farmland soils 

 Deed recordation for property owned by Applicant 

The proposed project is not located within the Texas Coastal Zone; therefore it does not require 
certification from the Texas Coastal Management Program. 

1.4 EIS Organization 
This EIS complies with the CEQ EIS requirements (40 Code of Federal Regulations [CFR] 1502.10) and 
the USACE’ requirements (33 CFR 325, Appendix B).   
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 Chapter 1.0 describes the purpose of and need for the action, the USACE role in the EIS process, and 
the required regulatory actions for the proposed project.   

 Chapter 2.0 includes the Proposed Action and the No Action alternatives plus the past, present, and 
reasonably foreseeable future actions considered in the cumulative effects analyses.  

 Chapter 3.0 discusses the affected environment and the potential direct, indirect, and cumulative 
impacts associated with the project alternatives; possible mitigation to minimize or compensate for 
impacts; and any residual adverse effects following the implementation of mitigation.   

 Chapter 4.0 explores the environmental consequences cumulative effects from implementing the 
alternatives including the No Action alternative.   

 Chapter 5.0 presents the cumulative effect analysis summary, and describes TxDOT's eight-step 
approach for evaluating cumulative effects. 

 Chapter 6.0 discusses in more detail measures or plans to be taken to mitigate environmental impacts.   

 Chapter 7.0 lists agencies, organizations and persons to whom copies of the statement are sent. 

 Chapter 8.0 lists the EIS preparers and reviewers.   

 Chapter 9.0 summarizes public participation and the scoping process, and the consultation and 
coordination undertaken to prepare the EIS. 

 Chapter 10.0 provides the list of references.   

 Chapter 11.0 contains the glossary defining terms.   

 Chapter 12.0 contains the index.   

Copies of supporting documents are available for public review on the USACE, Galveston District (SWG) 
website at: 
http://www.swg.usace.army.mil/BusinessWithUs/RegulatoryBranch/SpecialProjectsEnvironmentalImpactS
tatements.aspx 

Technical documents will be available a minimum of 60 days past the date of the USACE Record of 
Decision for this project. 

http://www.swg.usace.army.mil/BusinessWithUs/RegulatoryBranch/SpecialProjectsEnvironmentalImpactStatements.aspx
http://www.swg.usace.army.mil/BusinessWithUs/RegulatoryBranch/SpecialProjectsEnvironmentalImpactStatements.aspx
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2.0 PROPOSED ACTION AND ALTERNATIVES 

2.1 Introduction 
The Council on Environmental Quality (CEQ) characterizes the alternatives as the heart of the 
environmental impact statement (40 Code of Federal Regulations [CFR] 1502.14).  Defining a reasonable 
range of alternatives is key to all subsequent analyses.  CEQ’s regulations for implementing National 
Environmental Policy Act (NEPA) and the U.S. Army Corps of Engineers (USACE) NEPA Implementation 
Procedures (33 CFR 325 Appendix B) require a reasonable range of alternatives be considered.  
However, there are differences in approach to defining the alternatives, as described in the following 
subsections. 

2.1.1 NEPA Requirements for Reasonable Alternatives 
CEQ NEPA regulations state an Environmental Impact Statement (EIS) should rigorously explore and 
objectively evaluate all reasonable alternatives (40 CFR 1502.14[a]).  The CEQ also states: the emphasis 
is on what is reasonable rather than on whether the proponent or applicant likes or is itself capable of 
carrying out a particular alternative.  Reasonable alternatives include those that are practical or feasible 
from the technical and economic standpoint using common sense, rather than simply desirable from the 
standpoint of the applicant (Forty Most Asked Questions Concerning NEPA, Question 2A).  Under NEPA, 
comparing a full alternative spectrum should provide a clear basis for choice among options for the 
decision maker and the public (40 CFR 1502.14).   

2.1.2 USACE Requirements for Practicable Alternatives 
For USACE permit actions, the alternatives analysis should comply with the USACE Section 404(b)(1) 
Guidelines (40 CFR 230).  These Guidelines specifically require: no discharge of dredged or fill material 
shall be permitted if there is a practicable alternative to the proposed discharge which would have less 
adverse impact on the aquatic ecosystem, so long as the alternative does not have other significant 
environmental consequences (40 CFR 230.10[a]).  

In accordance with these Guidelines, the focus is on the least environmentally damaging practicable 
alternative (LEDPA).  An alternative is considered practicable if it is: available and capable of being done 
after taking into consideration cost, existing technology, and logistics in light of overall project purpose 
(40 CFR 230 Subpart B).  The least environmentally damaging alternative is defined as the alternative 
with minimal impact on the aquatic ecosystem.   

Since the Guidelines define the aquatic ecosystem as waters of the United States (U.S.), including 
wetlands, jurisdictional issues apply when relating to the Guidelines.  However, due to the number of 
initial alternatives and subsequent considerable effort required to determine jurisdiction, all waters were 
evaluated irrespective of jurisdiction during the early screening. 

The alternatives must satisfy the Guidelines and the public interest review (33 CFR 320.4[a]).  Therefore, 
for USACE’ permit actions, the range of practicable alternatives is typically a sub-set of reasonable 
alternatives under NEPA.  According to the USACE NEPA guidance, the alternatives analysis for actions 
subject to NEPA and the Guidelines can be [integrated] simultaneously to ensure alternatives [carried 
forward for analysis] are practicable, and the LEDPA has not been eliminated from further consideration.  
Alternative comparisons should: allow a complete and objective evaluation of the public interest and a 
fully informed decision regarding the permit application (33 CFR 325 Appendix B 9 [b][5]).   
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The evaluation for the 10 alternatives identified through the scoping process followed a rationale 
suggested by 40 CFR 230.10 (a):  Except as provided under Section 404(b)(2), no discharge of dredged 
or fill material shall be permitted if there is a practicable alternative to the proposed discharge which 
would have less adverse impact on the aquatic ecosystem, so long as the alternative does not have other 
significant adverse environmental consequences.  

This requirement’s focus is to find alternatives which have less adverse impact on the aquatic ecosystem.  
It would be reasonable to determine whether any alternative impacts the aquatic ecosystem.  If it has 
equal or greater impacts, then it can be eliminated from further analysis.  

Further, if an alternative has less adverse effects on the aquatic ecosystem, would it also have other 
significant adverse environmental consequences?  Therefore, for an alternative to be evaluated for 
practicability, it would have to pass both tests: 1) no or very limited impacts to the aquatic ecosystem and 
2) no other significant adverse environmental consequences.  

2.2 Alternatives Analysis Evaluation Criteria 
The purpose of and need for the proposed project described by Chapter 1 were formulated as criteria 
against which each alternative was evaluated, as shown in Table 2-1.  Practicability criteria were also 
developed following 40 CFR 230 Subpart B.  To incorporate both into the required focus on aquatic 
ecosystems, a criterion for direct impact on aquatic ecosystems and one for other significant adverse 
environmental consequences were also included.   

Table 2-1:  
Alternative Analysis Evaluation Criteria 

Evaluation 
Category Criterion Description Basis for Criterion 

Purpose and Need 
(PN) 

PN1 Groundwater reduction standard set 
by HGSD requires surface water 
sources for water supply in Areas 1, 
2, 3. 

 An alternative must reduce groundwater use 
in Area 3, particularly to achieve compliance 
with HGSD groundwater reduction timeline. 

PN 2 Water supply available to the 
northeast water treatment plant at 
Lake Houston must be augmented to 
provide long-term, reliable surface 
water volumes required by forecast 
population growth in Harris County 
especially to HGCS Area 3 
customers. 

 An alternative must provide sufficient surface 
water volume and reliability to meet forecast 
population growth in Harris County and to 
meet contract commitments to Area 3 and 
Area 2 water authorities and other water 
users. 

PN 3 Water supply must be provided by 
using previously secured water rights 
in basins other than the San Jacinto 
basin and using available and 
reasonably priced real estate for 
water conveyance facilities. 

 An alternative must be able to use previously 
secured water rights outside the San Jacinto 
basin in which no water rights are available.  
Surface water would have to be conveyed 
using available real estate. 

Existing Technology 
(ET) 

ET 1 Must use proven technology and 
management practices.  Must 
reasonably achieve site access for 
construction and Operation and 
Maintenance (O&M). 

 An alternative’s technological methods for 
water transmission or management practices 
must be tested and proven to minimize risk of 
failing to provide necessary surface water 
volumes. 
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Evaluation 
Category Criterion Description Basis for Criterion 

Logistics (L) 

L 1 Must not require extraordinary 
technical effort to overcome site 
conditions or pose difficult to 
overcome constructability issues.   

Must not require complex or significant costly 
means for overcoming difficult access or site 
conditions such as high-risk soils or require 
engineering solutions that may not 
accommodate long-term performance.  These 
include sites having high potential for flooding, 
contamination from hazardous or toxic 
chemicals, leaking UST and related facilities 
using regulated materials. 

L 2 Must be located outside areas having 
incompatible land use plans or 
existing incompatible land uses that 
could pose risks to public water 
supply facilities. 

Displacing existing or planned development is 
costly; especially if development may not be 
compatible with water conveyance. 

Cost (C) 

C 1 Must not have land acquisition, 
construction and O&M costs 
significantly above what other 
municipalities in the state have paid to 
bring similar facilities into service. 

Unreasonable cost refers to two or more times 
the cost to bring similar facilities into service.  
It also includes considering significant O&M 
costs vs. similar facilities. 

Direct Impact on 
Aquatic Ecosystems 
(AE) 

AEI Must not have potentially significant 
adverse impacts to the aquatic 
ecosystem. 

 Alternatives must cause less environmental 
damage to the aquatic ecosystem than other 
alternatives. 

Other Significant 
Adverse 
Environmental 
Consequences 
(OSEC) 

OSEC Must not cause potentially adverse 
effects to ecosystems which function 
to buffer aquatic ecosystems. 

 Alternatives should not cause adverse effects 
to ecosystems which protect aquatic 
ecosystems or which provide essential inputs 
(physical/chemical) to aquatic ecosystems. 

Evaluation 
Category Criterion Description Basis for Criterion 

Purpose and Need 
(PN) 

PN1 Groundwater reduction standard set 
by HGSD requires surface water 
sources for water supply in Areas 1, 
2, 3. 

To advance, an alternative must reduce 
groundwater use in Area 3, particularly to 
achieve compliance with HGSD groundwater 
reduction timeline. 

PN2 Water supply available to the 
northeast water treatment plant at 
Lake Houston must be augmented to 
provide long-term, reliable surface 
water volumes required by forecast 
population growth in Harris County 
especially to HGCS Area 3 
customers. 

To advance, an alternative must provide 
sufficient surface water volume and reliability 
to meet forecast population growth in Harris 
County and to meet contract commitments to 
Area 3 and Area 2 water authorities and other 
water users. 

PN3 Water supply must be provided by 
using previously secured water rights 
in basins other than the San Jacinto 
basin and using available and 
reasonably priced real estate for 
water conveyance facilities. 

To advance, an alternative must be able to 
use previously secured water rights outside 
the San Jacinto basin in which no water rights 
are available.  Surface water would have to be 
conveyed using available real estate. 
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Evaluation 
Category Criterion Description Basis for Criterion 

Existing Technology 
(ET) 

ET1 Must use proven technology and 
management practices.  Must 
reasonably achieve site access for 
construction and operation and 
maintenance (O&M). 

To advance, an alternative’s technological 
methods for water transmission or 
management practices must be tested and 
proven to minimize risk of failing to provide 
necessary surface water volumes. 

Logistics (L) 

L1 Must not require extraordinary 
technical effort to overcome site 
conditions or pose difficult to 
overcome constructability issues.   

Must not require complex or significant costly 
means for overcoming difficult access or site 
conditions such as high-risk soils or require 
engineering solutions that may not 
accommodate long-term performance.  These 
include sites having high potential for flooding, 
contamination from hazardous or toxic 
chemicals, leaking UST and related facilities 
using regulated materials. 

L2 Must be located outside areas having 
incompatible land use plans or 
existing incompatible land uses that 
could pose risks to public water 
supply facilities. 

Displacing existing or planned development is 
costly; especially if development may not be 
compatible with water conveyance. 

Cost (C) 

C1 Must not have land acquisition, 
construction and O&M costs 
significantly above what other 
municipalities in the state have paid to 
bring similar facilities into service. 

Unreasonable cost refers to two or more times 
the cost to bring similar facilities into service.  
It also includes considering significant O&M 
costs vs. similar facilities. 

Direct Impact on 
Aquatic Ecosystems 
(AE) 

AEI Must not have potentially significant 
adverse impacts to the aquatic 
ecosystem. 

For alternatives to advance, they must cause 
less environmental damage to the aquatic 
ecosystem than other alternatives. 

Other Significant 
Adverse 
Environmental 
Consequences 
(OSEC) 

OSEC Must not cause potentially adverse 
effects to ecosystems which function 
to buffer aquatic ecosystems. 

For alternatives to advance, they should not 
cause adverse effects to ecosystems which 
protect aquatic ecosystems or which provide 
essential inputs (physical/chemical) to aquatic 
ecosystems. 

The cost criteria are formulated so the cost refers primarily to a reasonable cost to provide a similar water 
pumping and conveyance system as proposed by the Applicant.  More precisely, cost is being defined as 
reasonable costs for the conveyance type and associated facilities for the proposed project.  This 
contrasts with an economic concerns or ability to pay standard.  Therefore, the Applicant’s financial 
standing or investment is not part of the cost practicability concept as applied in this evaluation. 

Other practicability criteria have been developed in similar fashion.  An alternative’s availability is not 
treated as a separate criterion.  The availability concept is used with respect to an alternative’s real estate 
requirements.  It is presumed the real estate for an alternative is available unless compelling reasons 
exist as to why the real estate is not or cannot be made available.  Sites or real estate owned by the 
Applicant; sites the Applicant could obtain; or sites available when the Applicant initiated project planning 
are considered available. 

2.2.1 Applying the Evaluation Criteria 
The evaluation criteria applied to LBITP alternatives combine standards from the following regulatory 
frameworks.   
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 Council on Environmental Quality regulations at 40 CFR 1500 specify reasonable (build) alternatives to 
a project proposal must be considered. 

 40 CFR 230.10 requires the least environmentally damaging practicable alternative be identified.   

Since all alternatives are proposed to be evaluated against both standards, it seemed prudent to begin 
determining which alternative is the least environmentally damaging, and then compare the alternatives 
with respect to how they each meet the purposes/need standard, and how they each compare with 
respect to other practicability criteria such as existing technology, logistics and cost.  All alternatives, as 
stated earlier, are assumed to be available and able to be constructed. 

The approach to identify the least environmentally damaging alternative is to establish a ROW 
requirement common to each conveyance route, and then identify the potential aquatic resource and 
related impacts from the alternative routes.  This analysis also allows a brief overview about how each 
alternative is to be routed.  

To address the practicability criteria, substantial effort is applied to defining each alternative to at least a 
schematic level of engineering design so key features, structures, and other alternative elements are 
defined.  This identifies additional environmental effects and establishes an adequate basis for a cost 
estimate.  Some reasonable detail level is also required to define how an alternative can be represented 
(logistics) and what is required to operate and maintain an alternative. 

Once a general alternative description is presented, the aquatic resource effects identified, and some 
relevant details are presented concerning how each alternative would have to be designed and 
implemented, the evaluation criteria will be applied in detail so the alternatives can be compared.  At this 
point, alternatives not performing well environmentally and those determined to be not practicable, can be 
eliminated from detailed analysis. 

2.3 No Action Alternative 
Three fundamental system alternatives could fall within the No Action Alternative concept.  With each 
approach described, actions taken to reduce or eliminate existing water losses resulting from deteriorated 
infrastructure, and water line damage caused by soil movement, subsidence and accidental losses are 
presupposed.  The principal No Action approaches are described in the subsections that follow below. 

2.3.1 Use and Expand Existing Facilities, but Do Not Construct the Luce Bayou 
Conveyance from the Capers Ridge Location 

Under this alternative, all future demands must be met through continued diversion expansion from the 
existing Trinity River Pump Station (TRPS) to the existing East Water Purification Plant (EWPP) and 
Southeast Water Purification Plant (SEWPP) and through subsequent conveyance expansion to the 
customers currently planned for service from the Northeast Water Purification Plant (NEWPP).  This 
alternative would require major expansions for the TRPS canals and pipelines, EWPP and SEWPP, and 
the major transmission lines taking water from EWPP and SEWPP to supply the Houston water system’s 
northeast and northwest service areas.  To implement this alternative, expanded water supply 
transmission lines would have to be constructed to NEWPP or distribution lines would need to be 
expanded near NEWPP.  At least one and maybe two or more pump stations would be needed to move 
water uphill from EWPP and SEWPP to NEWPP.  As indicated on Figure 2-1, water from the Trinity River 
would be conveyed by the Applicant’s improved and largely rehabilitated canal to EWPP and SEWPP and 
then conveyed to areas to the north in NEWPP’s vicinity for distribution to water customers in Area 3 
(see Chapter 1.0). 

The challenges facing this alternative include finding enough open or unencumbered right-of-way (ROW) 
through the congested urban areas north of SEWPP and surrounding the EWPP; obtaining the permits 
within the time needed to meet regulatory deadlines set by HGSD; and being able to fund such a costly 
approach.    
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Alternatively, expanding existing infrastructure to the west and then north to the Area 3 distribution 
system would result in even greater costs and time delay.  These approaches are estimated to exceed 
the most costly build alternative, which itself is almost four times the Applicant’s preferred alternative’s 
cost.  However, from evaluating this alternative, two approaches for using the TRPS and the Dayton 
canal and part of the Applicant’s canal were developed into Alternatives 5 (5A) and Alternatives 6 (6A).  
These alternatives transmit Trinity River water to NEWPP, thereby avoiding having to expand 
conveyances from EWPP and SEWPP. 

2.3.2 Implement Water Management Strategies which Would Require No 
Increased Flow Diversion from the Trinity River 

With this No Build approach, the Houston water systems’ future increased demands would be met by 
other regional alternatives for water supply, which use supplies from sources other than Lake Livingston.  
The Region H Regional Water Plan (RWP) includes water management strategies which could potentially 
reduce demands on NEWPP and Houston’s overall northeast and northwest service areas including such 
strategies as Allen’s Creek Reservoir, industrial wastewater reuse for the Houston Ship Channel area, 
desalinating coastal waters, and, as an alternative strategy, interbasin transfers for existing water 
supplies from East Texas.  Except for interbasin transfers from existing East Texas supplies, 
Region H RWP determined none of these additional strategies would provide water to equal Trinity River 
supplies. 

All these approaches require several to many years to implement, even if funding is available.  Allen’s 
Creek is controversial, is not permitted other than its water rights permit, and presents its own set of 
challenges for conveyance to Houston area customers.  Similarly, an East Texas interbasin transfer is 
faced with a host of obstacles including environmental, social, and financial.  Desalination and water 
reuse are technologically viable though costly, but would not provide enough water to address the 
forecast demand or meet the time requirements for moving away from groundwater. 

Despite the difficulties for implementing these approaches, the Region H RWP concluded all water supply 
and water supply management strategies are needed in the near-term or as soon as practical; these 
recommendations include the implementation of the LBITP.  Moreover, all strategies were adopted as a 
part of the overall approved RWP for Region H.  The planning process detailed analysis indicates the 
LBITP for Trinity River basin water cannot be supplanted or replaced by any other strategy, except 
possibly transferring water from east Texas reservoirs.  However, this alternative cannot be brought 
online in the near- to mid-term future; therefore, cannot meet near-term regulatory requirements for 
ceasing reliance on groundwater (Region H RWP Water Management Strategies [WMS], Appendix A). 

2.3.3 Reduce Water Supply Demands through Demand Management 
Using demand management to eliminate the need for or alter LBITP’s timing, the future demands in the 
NEWPP service area would have to be reduced using aggressive water conservation measures or 
through substantial wastewater reuse programs.  This would involve fundamental changes to programs 
for hundreds of municipal utilities and to lifestyles throughout this area.  The Region H RWP has adopted 
aggressive water conservation and wastewater reuse program goals as a part of the regional water 
supply plan.  One example is the potential for reusing the Area 3 return flows from Cypress and Spring 
Creeks, which ultimately return flow to Lake Houston.  This and other strategies are detailed in the 
Region H RWP (Appendix A).  The Region H RWP that includes the Technical Memoranda detailing the 
water management approaches and their goals that were developed for consideration by the state. 
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These goals include adding more than 200 MGD to Houston’s water supply program over the next 50 
years for the northeast and northwest services areas, but do not achieve a demand management level 
which would be required to eliminate LBITP’s need.  Likewise, reducing the demand growth projected to 
occur at the TRPS would require industrial demand reductions along the Houston Ship Channel and 
increased conservation levels throughout Houston to a significantly larger degree than is already 
projected to occur.  Constraining demand to stretch water supplies to accommodate most water demands 
would not be an effective water planning approach during a severe drought, as there would be no water 
supply available to distribute. 

Since water supply strategies such as Allen’s Creek reservoir and additional interbasin transfers have 
been identified in the Region H RWP as needed to meet demand moving forward, it is likely––even with 
implementing LBITP––that the region will be faced with strict water use restrictions, higher water pricing 
designed to force reduced use, and continued improvements to every aspect to conserve water. 

The Region H RWP considers a comprehensive set of measures to manage water supply.  The Region H 
RWP recognizes the critical lack of additional available surface water in the San Jacinto watershed, and 
concludes transferring water from Lake Livingston is essential to meet the forecast demand even if the 
multiple strategies are implemented.  

2.4 Alternatives Considered But Not Developed for Analysis 
Several alternatives were proposed, but were not carried forward for analysis, including the following. 

1. Dredge (Widen/Deepen) Lake Houston to Augment Water Supply.  See Section 2.4.1 for a more 
detailed analysis of this alternative. 

 This alternative would be very costly and would require regular dredging. 

 Increasing the water volume the lake can hold does not address the lack of source water supply in 
the San Jacinto basin.  

 This alternative does not meet the purpose of or need for the project. 

2. Raise the Lake Houston Dam structure to impound more water. 

 This alternative also requires additional source water. 

 Expanding the lake’s surface area would impact existing communities in such a way as to require re-
locating businesses and residents and inundating wetlands and other waters of the U.S., including 
wetlands.  

3. Design the Luce Bayou canal as a meandering stream based on fluvial geo-morphological principles.  
See Section 2.4.2 for more details. 

2.4.1 Dredge (Widen/Deepen) Lake Houston to Augment Water Supply 
Many communities using reservoir storage for their primary drinking water supply sometimes consider 
augmenting water storage by restoring reservoir capacity lost through sedimentation or other factors such 
as subsidence (city of San Diego, 2010; South Florida Water Management District, 2011, estuary 
restoration).  At various times, Houston has also considered restoring Lake Houston to its original storage 
capacity (Turner Collie & Braden Inc. [TCB] 1983; Texas Water Development Board [TWDB] 2005). 

Could Houston meet projected water demand by restoring Lake Houston to its original capacity and 
provide for additional capacity by widening/deepening the lake?  Further, could a combination of these 
improvements plus expanding TRPS and existing conveyance remove the need to construct the LBITP?  
These questions are addressed as follows in the order provided. 
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1) Water storage loss in the lake is evaluated. 

2) Some basic considerations relating to dredging and dredged material disposal are addressed and then 
applied to Lake Houston.  Potential adverse and beneficial effects from a dredging plan are discussed 
along with a probable cost estimate associated with dredging the lake.   

3) The water amount that could be expected to be gained from the dredging is determined. 

4) Additional considerations relating to providing more storage capacity in the lake include a brief 
discussion about improvements to TRPS and facilities. 

This water supply augmentation analysis by widening and deepening Lake Houston relies on the 
following source materials. 

 Sedimentation Evaluation of Lake Houston for the City of Houston, Turner Collie & Braden Inc., 1983 
(TCB 1983) 

 Volumetric Survey of Lake Houston, prepared for Houston, Texas Water Development Board, 
March 10, 2003 (TWDB 2003) 

 Dredging vs. New Reservoirs, Texas Water Development Board Contract 2004-483-534, prepared  by 
Alan Plummer Associates Inc., Peter M. Allen PhD, P.G., and John A. Dunbar, PhD., P.G., December 
2005 (TWDB 2005) 

 Harris Galveston Subsidence District reports, Subsidence graphs of Northeast Houston and Lake 
Houston extensometer 1982 –2012.( HGSD, 2012) 

 State of Colorado Basin Roundtable Summit: Storage Examples and Definitions. March 1, 2012. 
(Colorado 2012) 

2.4.1.1 Storage Loss in Lake Houston 
Lake Houston’s main reservoir starts at the confluence of the West and East Forks of the San Jacinto 
River (West Fork/East Fork) and progresses downstream approximately 8.5 miles to the dam.  The 
topography bounding the lake’s perimeter has a gentle relief and is covered with foliage, which includes 
mostly large pine trees.  Depth charts made during the most recent hydrographic survey show the 
lakebed as being quite irregular (TWDB 2003).  Visual observation noted sparse sediment deposits 
downstream of the bridge that crosses the lake.  Larger sediment amounts were observed upstream from 
this point (TWDB 2003).  The largest sediment deposits were observed in the West Fork (upstream from 
the confluence of the East and West Forks). 

Lake Houston was estimated by this survey to encompass 11,854 acres and to contain a 133,990 acre-
feet volume at the normal 44.5 feet pool elevation (TWDB 2003).  The lowest elevation encountered 
during the field survey was -2.28 feet (46.78 feet deep) which was found in the old river channel about 
2 miles upstream from the Lake Houston Dam. 

The storage volume calculated by the TWDB 2003 hydrographic survey was approximately 8.7 percent 
less than the previous record information for the lake.  The low flow outlet is at 21.3 feet elevation.  
TWDB determined the conservation storage for the reservoir is 128,863 acre-feet.  

A 1965 sedimentation survey by Ambursen Engineering Corporation found Lake Houston had lost 
11,784 acre-feet, or 7.4 percent of its capacity due to sedimentation in the 11 years since completing the 
reservoir.  This equates to an estimated 1,071.3 acre-feet per year loss during the 11-year period. 

In 1994 (29 years later), a survey was performed by the TWDB's Hydrographic Survey Program to 
determine Lake Houston’s storage volume using a technologically advanced surveying system consisting 
of satellite surveying and digital depth sounding equipment, and digital terrain modeling software. 
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Results from this survey indicate the lake's capacity at the normal 44.5 feet pool elevation was 
133,990 acre-feet.  The conservation storage capacity was calculated to be 128,863 acre-feet.  The 
estimated reduction in storage capacity, compared to the 1965 survey, was 11,637 acre-feet, or 
8.3 percent.  This equates to an estimated 401.3 acre-feet per year loss between 1965 and 1994.  The 
loss since the reservoir was built can be estimated at 585.5 acre-feet per year, if results from this survey 
are compared to the original information on record for the reservoir. 

Important in calculating how the lake could be developed to store more water is to determine more 
precisely what may be involved in losing storage capacity.  A 1983 analysis by an engineering firm 
observed about 68.7 percent of the lake’s volume or capacity loss was due to subsidence, with 
sedimentation being the cause for the remaining loss (TCB, 1983).  This study noted the lake’s spillway 
elevation when constructed in 1954 was 44.10, and by 1982, the elevation was 40.75 (TCB, 1983).  
Recent data from the HGSD indicate subsidence at the dam and at the NEWPP continues to occur due to 
groundwater withdrawal in this area (HGSD 2012). 

While not mentioned in the TCB report, another factor potentially involved in the lake’s capacity loss is 
compacting groundwater aquifers, which combined with subsidence would reduce lake water depths over 
time, even as ground level elevations continued to sink (Doornhof et.al. 2006).  According to the research, 
subsidence and compaction describe two distinct processes: volumetric change in a (subsurface) 
reservoir where fluids have been removed (compaction) and level change in a surface (subsidence).  In 
Lake Houston’s case, previous volumetric and sedimentation surveys point to subsidence being a primary 
cause for volume losses at the dam and areas north of the dam up to the FM1960 bridge, with siltation 
being the primary cause for lake volume loss in areas north of the bridge and in the West Fork. 

2.4.1.2 Storage Volume and Water Supply 
In 2005, TWDB published the study results which began from the premise the: loss of space in reservoirs 
associated with sedimentation directly translates to loss of water supply (TWDB 2005).  The report goes 
on to say, if the sediment were to be removed, it would represent a re-acquisition of water supply.  

2.4.1.3 Basic Considerations Applicable to Developing a Dredging Plan for Lake Houston 
Mechanical or hydraulic dredging are the two most common dredging methods.  Mechanical dredging 
uses draglines or clamshells mounted on barges onto which dredged material is deposited and then 
offloaded to trucks for disposal.  More efficient is the hydraulic dredge, which pumps the water and 
sediment slurry from the dredge head through a pipeline to a disposal location.  Water jets, augers or 
cutterheads are used to loosen sediment to be dredged.  

According to the TWDB report prepared by Alan Plummer Associates, dredging costs can be highly 
variable.  This report found the following considerations relevant to dredging cost estimation: 

There is no “unit cost” applicable to dredging.  The type of sediment ranging from silt to 
sand to clay and combinations thereof can have a significant effect on production, and 
therefore on unit costs.  Lake bottom conditions (e.g., treed, stumps or smooth) can affect 
unit costs by a factor of two or four.  Distance to the dredged solids dewatering site can 
affect unit costs.  In order to maintain maximum production for distant dewatering sites it 
is necessary to add booster pumps with the attendant increase in energy costs and 
maintenance.  Land costs for dewatering areas can range from $1,000 per acre to 
$30,000 per acre depending on the lakes setting (rural, suburban, or urban).  Two dollars 
a cubic yard would be a reasonable beginning point for estimation for large operations.  
But once site-specific information is available, such as sediment characteristics, bottom 
conditions and dewatering areas, this information should be factored into the cost 
equation to refine the unit cost factors (TWDB 2005). 
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Large sediment volume removal can entail dredging operations measured in years, typically with 24-hour 
per day operation (TWDB 2005).  Assuming a large diameter floating pipeline (30-inch or greater) is used, 
this pipeline would lead from the dredge to the shore pipe.  The pipeline leading to the de-watering area 
and the return line from the de-watering area back to the lake would require easements for their 
alignment, and it would have to be determined if these pipelines should be totally or partially buried for 
aesthetic and/or safety reasons (TWDB 2005). 

The TWDB report stipulates dredging requires Department of Army permits (Section 404 of the Clean 
Water Act) and Texas Commission on Environmental Quality (TCEQ) Water Quality Certifications 
pursuant to the Clean Water Act, Section 401.  Sediment quality and dredged material disposal 
dewatering (sediment dewatering) would also play a major role during the permitting process and project 
costs.  If large areas are needed for dredged material disposal, the likelihood of adversely affecting 
wetlands and other waters of the U.S., including wetlands would increase.  Mitigating these effects would 
increase the disposal cost.  Also, should any sediment contain chemical constituents (PCBs, pesticides, 
herbicides, etc.), the cost for the actual dredging and disposal would increase.  As the TWDB report 
points out: Dredging has been used in the United States as a remedial measure for environmentally 
impacted lakes and rivers.  However, the costs are substantially greater and can exceed $100 to $400 
per impacted cubic yard (cited from Blasland, Boucher & Lee Romagnoli and Dooley 2002).  Removing 
contaminated sediments also requires significant costs associated with removing this material from the 
lake, as safeguards would have to be employed to limit water quality effects from sediment mobilized by 
the dredge into the water column (turbidity) such as silt curtains or other means for reducing turbidity.  

2.4.1.4 Applying Dredging Technology and Related Considerations to Lake Houston 
Dredging the lake to accurately measure restored capacity is complex.  The TWDB 2003 volumetric 
survey employed the most precise methods for determining elevations and depths.  However, the 
TWDB 2003 survey did not include range profile cross sections.  One cross section from the TCB report 
(TCB 1983) is helpful for envisioning what would have to be accomplished through a dredging program.  
Similar and possibly more accurate cross sections could be developed from the 2003 TWDB survey, but 
the 1983 survey cross sections are available for review.  

One range cross section is presented on Figure 2-2.  This 1983 survey accounted for ground elevation 
subsidence between 1954 (when the lake was filled) and 1982 by using historical adjustments to Houston 
monuments and those established for each individual range line.  In this way, the subsidence for each 
range was calculated (e.g., Range 1 was determined to have subsided almost 3.0 feet between 1954 and 
1978 and subsided almost another inch by 1982).  Ranges 1 through 13, spanning an eight-mile distance, 
subsided 2.0 feet on average from 1954 to 1982 (TCB 1982, Table A-2). 

The 1983 survey established 45 range lines based on the 1953 to 1954 survey.  Horizontal and vertical 
control was then established along the range lines that were benchmarked with respect to established 
survey monuments.  Water depths and water elevations were then established with coordinate values, 
and vertical datum were established for each range line.  Using such a survey, it would be possible to 
determine the 1954 elevation and the present day elevation for each range profile.  

The difference between the early range profile elevations and present day elevations should generate a 
reasonable estimate about how much dredged material would have to be removed to restore any 
particular lake area to its early capacity.  Again, more accurate profiles could be obtained using recent 
technology to develop TWDB’s volumetric survey.  

Observations from the TWDB 2003 report and the TCB 1982 report indicate the greatest siltation in the 
lake is along the West Fork, with progressively less sediment observed moving into the lake’s main body 
toward the dam.  Subsidence and compaction in this larger area are the primary factors driving reduced 
lake water storage capacity.   
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The TCB 1982 report estimates almost 29,000-acre-foot capacity was lost between initial filling and the 
1982 range resurvey (29 years).  This would be almost 18 percent capacity loss.  The annual loss was 
estimated at 995-acre-feet per year, which was less than the 1965 Ambursen survey estimated for the 
period 1953 to 1965 (1071.3-acre-feet annually).  The TWDB 2003 volumetric survey concluded, the loss 
since the reservoir was built can be estimated at 585.5 ac. ft per year if results from the (TWDB 2003 
survey) are compared to the original information on record for the reservoir.  This would span a 50-year 
period (1953 to 2003), and would amount to almost a 29,000-acre-feet capacity loss.  

Assuming the losses continued over the past nine years, the present day loss estimate would be almost 
35,000-acre-feet.  Projecting the TCB annual loss calculation to present day would result in a 50,000-
acre-feet loss.  Differences in the two estimates can be attributed to several factors including differing 
lake area determinations, (TWDB used USGS mapping to determine lake areas; TCB used original 
survey data) and survey technologies (TWDB used GPS technology surveys and TCB used field 
surveys).  To develop this alternative, an estimated 40,000-acre-foot capacity loss is used to determine 
the dredged material requirements, and a 600-acre-foot annual loss is used to estimate capacity losses 
moving forward.  These estimates assume the TWDB 2003 survey techniques contribute to developing 
an accurate survey, and the thoroughness of the TCB 1983 survey improves this accuracy by using 
original survey data. 

Restoring the lake to its approximate 1954 capacity would require removing about 64.5 million cubic 
yards of dredged material (40,000-acre-feet x 1,613.33 cubic yards), and an almost 1.0 million cubic 
yards annual maintenance cycle to keep up with sedimentation and subsidence.  These sediment 
volumes would require multiple locations as large as 200 acres in area for dredged material deposition 
and dewatering.  Figure 2-3 provides a conceptual dredging plan.  Areas noted on Figure 2-3 would be 
candidate locations for dredged material dewatering.  While these areas represent the last remaining 
open or undeveloped areas near the lake, they are also expected to be the most costly and, from a 
development perspective, the most encumbered by jurisdictional wetlands and other resources.  

Multiple dredging areas are indicated by Figure 2-3, and a basic dredge areas cross section is provided.  
Areas along the river’s west fork which have lost volume capacity due to siltation are noted as areas 
A and B.  Areas C and D are in those areas which have been most affected by subsidence.  The dredging 
scenario would deepen the lake in the designated areas to the depths/widths necessary to fully restore 
the lake to its original capacity.  Multiple bridges cross over the lake at various locations.  The areas to be 
dredged are delineated to avoid areas near bridge pilings, because removing sediment near these 
structures could affect the bridges’ stability. 

Dredged material disposal is assumed to be in confined upland areas.  Design criteria for these sites and 
detailed information on evaluating dredged material effluent discharges can be found in USACE 
Engineering Manual EM 1110-2-5027 (Confined Disposal of Dredged Material) and EPA-823-B-98-004 
and USACE: Evaluation of Dredged Material Proposed for Discharge in Waters of the United States – 
Testing Manual.  Other USACE manuals address beneficial uses for dredged material (EM-1110-2-5026).  
These materials indicate planning, designing, constructing and O&M for upland disposal sites and 
beneficial dredged material reuse is complex, and multi-faceted.  Their focus on the physical, chemical 
and biological dimensions for removing, placing, dewatering and reusing sediment is necessary to limit 
adverse effects on the aquatic environment, especially in a water supply reservoir.  The detail involved in 
undertaking a water storage capacity restoration would entail developing a long-term dredged material 
management program.  Some issues such a program would face include the following: 

 Disposal area and dredge pipeline real estate development; 

 Wildlife habitat loss; 

 Recreational areas loss; 

Temporary water quality losses during dredging cycles and increased cost for treating water;  
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 Reduced downstream water quality; 

 Multiple pressures on communities near disposal areas and areas where dredging is occurring (i.e., 
noise from dredging and disposal operations, air quality effects through increased diesel emissions, and 
odor effects from dredged material disposal areas); 

 Potential for some sediment to be contaminated: pesticides, herbicides, metals, other chemicals 
requiring additional sediment testing where contamination areas are suspected and special disposal 
protocols for this material; and 

 Timing for dredging and disposal operations with respect to fish spawning and bird migration. 

Potential benefits from such a program could include long-term improvement for reservoir water quality by 
removing organic material; improved recreational use; and land application for dredged material including 
sediment reuse for construction and capping landfill sites. 

One dredged material reuse potential involves constructing levees, which may be needed to restore or 
expand reservoir capacity.  The levees would counteract the land subsidence impact.  As noted earlier, 
subsidence is one cause for lost capacity.  Spillway elevation changes would also have to be corrected.  

As indicated in an earlier study, Houston’s Public Works Director in 1972 reported the estimated probable 
cost to dredge Lake Houston to restore it to its original volume would exceed $100 million (TCB 1983).  In 
1983, the estimate to dredge 8,700-acre-feet of sediment was estimated at $230 million (TCB 1983).  No 
details are provided in the TCB 1983 report concerning how Houston’s 1972 estimates were determined.  
However, it is assumed that at least some issues noted above were likely considered in 1972.  The 1983 
re-estimate was the earlier estimate considered in 1983 dollars. 

If one considers the dredging, sediment placement, real estate acquisition for disposal areas and 
pipelines, wetland mitigation requirements, and other elements associated with a large-scale dredging 
operation, a $10 to $12 per cubic yard cost appears reasonable.  At these rates, removing the estimated 
sediment to restore the lake to its original volume capacity would be between $645 million and $774 
million, with an approximately $11 million to $15 million annual dredging maintenance cost.  These 
estimates do not include the cost for a disposal area or dredged area design.  Only nominal costs for 
mitigation and real estate are considered in these cubic yard costs. 

Restoring the lake to its original volume or even increasing its storage capacity does not address how 
much additional water Houston could use based on the water rights assignment in the San Jacinto basin.  
As described in Chapter 1.0, all water rights have been allocated in this basin.  It is possible the dredged 
lake alternative could at least assure Houston’s existing rights could be fulfilled, but as has been 
described significant additional water is needed which can only be met outside the San Jacinto basin. 

The capacity increase through a dredging program would gain approximately 35 MGD or about 15 
percent of the 230 MGD forecast to be conveyed by the Luce Bayou conveyance by 2020.  However, the 
actual water gained by the dredging program would likely be less than 35 MGD due to factors relating to 
stored water which could not be controlled (dead storage). 

Implementing a dredging program and improving the existing TRPS and existing conveyances would add 
significant additional costs to this alternative, as major pipeline and pump station expansion would have 
to be developed.  Improvements to the existing TRPS are considered in Alternative 6. 

A dredged Lake Houston plus other improvements would not provide sufficient surface water volume and 
reliability to meet forecast demand, nor would it be able to meet the volume or timing requirements to 
meet contract commitments to Area 2 and 3 water authorities.  This alternative would likely adversely 
affect water quality in the lake (excessive turbidity) and require discharging fill material into wetlands 
adjacent to the lake needed for dredged material dewatering.   
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Impacts to the wetland and waters of the United States (U.S.), including wetlands dredged from 
approximately 800 acres (in eight areas) to create dewatering sites located around the lake could exceed 
200 acres of jurisdictional wetlands and several hundred feet of streams according to estimates from the 
National Wetland Inventory (NWI) maps.  Other significant adverse environmental consequences would 
be realized by this alternative as mentioned in the discussion above. 

2.4.2 Design Luce Bayou Canal as a Meandering Stream Based on Fluvial 
Geo-Morphological Principles 

In their natural state, streams are dynamic ecosystems which perform many beneficial functions.  Natural 
streams and their floodplains convey water and sediment, temporarily store excess floodwater, filter and 
entrap sediment and pollutants in overbank areas, recharge and discharge groundwater, naturally purify 
in-stream flows and provide supportive habitat for diverse plant and animal species.  By contrast, water 
supply conveyances are designed to deliver source water to a location where it can be further purified 
and treated prior to delivery to homes and businesses for human consumption.   

In every way practicable, the constructed canal delivery system concept focuses on quantifiable and 
measurable water supply flows, and is designed to reduce or eliminate the potential for bacterial 
contamination, turbidity, and water loss through seepage or infiltration. 

The Luce Bayou canal design criteria mitigates against vegetation growth within the canal by developing 
a channel cross section, which maintains a 2-foot per second water velocity to limit plants’ ability to take 
root in the canal.  Much of the canal will experience 5-foot per second velocities, which will require 
hardened (concrete) lining or armoring the canal.  The canal’s flow depth is designed for seven to eight 
feet to limit sunlight penetration, thus eliminating the potential for aquatic plant photosynthesis 
(AECOM 2011). 

Natural stream processes including meandering and sediment transport by natural erosion are partly 
responsible for changes in hydrology and flow and may contribute to channel stability and increased 
groundwater influenced base flow.  These characteristics such as channel forming and reconditioning that 
gradually vary the natural flow would be missing from a constructed water supply conveyance.  In the 
water canal, the channel is constructed to be stable and not meander as to limit the acreage impacted by 
the ROW.  

Sediment is eliminated as much as possible by moving the source water into a sedimentation basin 
almost immediately after being diverted from the river.  The proposed Luce Bayou conveyance virtually 
eliminates the potential for a floodplain, as it is proposed by the Applicant to be constructed on a relatively 
high ridge (Capers Ridge) and uses gravity flow for most of its length to Lake Houston. 

Still other ways in which a water supply conveyance contrasts with a natural stream includes supporting 
habitat for aquatic organisms.  Natural streams tend to maintain a dynamic balance between aquatic 
organisms and available food populations.  The population dynamics for aquatic animal communities in 
stream ecosystems involve using substrate, the food web, nutrient spiraling and the growth curve.  Waste 
organic substances in streams form the substrate on which microorganisms grow and become part of the 
food web.  Nutrients circulate from surface to substrate as they flow downstream and are available to 
bacteria, algae, fungi, invertebrates, fish, and other aquatic organisms.  The circulation capture, release, 
and recapture of nutrients is called nutrient spiraling.  A stream’s ability to assimilate nutrients and store 
them in the living tissue of plants and animals is termed its assimilative capacity.  The higher this 
assimilative capacity is in a natural stream, the higher is the stream’s water quality.  A conveyance canal 
intentionally eliminates support for aquatic organisms.   

2.5 Build Alternatives Considered in Detail 
The 10 identified alternatives which would meet the basic purpose/need (PN1 and PN2) for LBITP are 
described in this subsection and are depicted on Figures 2-4 through 2-12.  
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Figure 2-5: Aerial View of Impacted Areas Alternative 1
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Figure 2-6: Aerial View of Impacted Areas Alternatives 2 and 3
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Figure 2-7: Alternatives 3A, 4 & 4A
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Figure 2-8: Aerial View of Impacted Areas Alternative 3A
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Figure 2-9: Aerial View of Impacted Areas Alternative 4
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Figure 2-10: Alternatives 5, 5A, 6 & 6A
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Figure 2-11: Aerial View of Impacted Areas Alternatives 5 and 6
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Figure 2-12: Aerial View of Impacted Areas Alternatives 5A and 6A
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Common elements pertain to all build alternatives.  Design criteria for any length canal conveyance and 
pipeline segment requires a 300-foot ROW to accommodate O&M activities.  All ROWs would be fenced 
to secure the conveyance facilities.  All ROWs would have a maintenance roadway to provide access to 
all parts of the conveyance facilities.  All alternatives would require pipeline-cleaning facilities (referred to 
as pigging).  These elements are depicted in this section and are found in the Applicant’s Preliminary 
Engineering Report (Appendix B).  Alternative 1, due to its approximate 60-mile length would likely not 
be fenced in its entirety nor would a maintenance road parallel its entire length.  

2.5.1 Alternative 1 – Lake Livingston through the East Fork of the San Jacinto 
River (East Fork) to Lake Houston 

Alternative 1 would meet the basic purpose of and need for the surface water supply and PN3 (using 
Trinity River water rights) by conveying water from Lake Livingston to Lake Houston.  Water would be 
pumped via a pipeline to discharge into Sand Creek, then to the East Fork and ultimately to Lake 
Houston.  The diversion point for Alternative 1 would be on Lake Livingston’s western shore as shown on 
Figure 2-4.  An intake structure would be constructed in the lake’s main body.  An intake pipe within the 
old Trinity River channel would convey the raw water to a pump station on shore.  Various potential 
locations for the intake and pump station include the Cape Royale peninsula, the Trinity River Authority 
(TRA) Park north of Cape Royale and a TRA-owned abandoned marina south of Cape Royale.  Ancillary 
facilities would include an administration and control building, a maintenance facility, chemical storage 
and feed facilities, a fuel facility, resident operator housing, a potable water supply, onsite waste disposal, 
a power supply, communications, access roadways and related facilities. 

The pump station would move water to Sand Creek via pipeline with a sedimentation basin at the 
discharge end.  Based on initial site visits at various public access points to Sand Creek and the East 
Fork, it appears Sand Creek would require channel deepening and widening to accommodate the 
additional flow (AECOM 2006 and 2012).  About 17,600 linear feet of constructed improvements would be 
needed to develop this alternative into a conveyance channel.  Deepening and widening Sand Creek to 
accommodate the additional flows would extend from the pipeline’s end to the East Fork.  Flow from the 
pump station would be controlled when the natural channels were at high flows.  Raw water would be 
conveyed down the East Fork to Lake Houston.  Similar channel modifications to the East Fork would be 
required.  Notes and photographs from the site visit conducted on August 10, 2006 to Lake Livingston, 
Sand Creek, and the East Fork are provided in Appendix C.  

The 2002 United States Geological Survey (USGS) report, Results of Streamflow Gain-Loss Studies in 
Texas, With Emphasis on Gains From and Losses to Major and Minor Aquifers, and the 1969 USGS 
report, Quantity and Chemical Quality of Low Flow in the East Fork San Jacinto and West Fork San 
Jacinto Rivers Near Houston, Texas conclude a net gain in the water quantity is realized along the East 
Fork from Cleveland, Texas, to Lake Houston.  It is theorized the river is actually recharged by 
outcroppings from various aquifers along this portion of the river.  However, the report only reviewed the 
river from Cleveland, Texas to Lake Houston.  Raw water conveyed to Lake Houston from Lake 
Livingston via Sand Creek and the East Fork would be treated at NEWPP. 

Figures 2-4 and 2-5 illustrate the existing conditions for Sand Creek and the East Fork as it traverses 
58 miles south toward Lake Houston.  The photographs indicate typical areas where the creek and river 
channel would have to be widened and possibly deepened to accommodate flows to the Lake Houston 
discharge point.  Controlling or accounting for water volumes for this Alternative would be complicated, as 
access to the conveyance would not be as restricted as for a shorter route.  Also, the contamination risk 
to the water supply would be much higher than for other alternatives. 

The intake point at Lake Livingston would likely pose aesthetic issues for nearby residents along the 
shoreline, and recreational issues as small boat traffic would be routed away from intake facilities. 
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2.5.2 Alternative 2 – Trinity River at Capers Ridge through Luce Bayou to Lake 
Houston 

Alternative 2 would meet the basic purpose of and need for the surface water supply and PN3 by 
conveying water from the Trinity River to Lake Houston via a pipeline and canal with discharge into 
Luce Bayou and subsequently to Lake Houston.  The diversion point in Alternative 2 is the Trinity River 
near Capers Ridge as shown on Figure 2-4.  A river intake and pump station would be located along the 
river’s west embankment.  Ancillary facilities would include an administration and control building, a 
maintenance facility, chemical storage and feed facilities, a fuel facility, resident operator housing, a 
potable water supply, onsite waste disposal, a power supply, communications, access roadways and 
related facilities.  For this analysis, the site and related facilities are assumed to be similar to those shown 
in the Applicant’s Preliminary Engineering Report (Appendix B). 

The pipeline would convey raw water approximately 3.6 miles along Capers Ridge, discharge into a 
sedimentation basin and then to a constructed canal.  For this analysis, the pipeline and sedimentation 
basin are assumed to be similar to those shown in the Applicant’s Preliminary Engineering Report 
(Appendix B). 

A constructed trapezoidal canal would convey raw water approximately 2.4 miles from the pipeline to 
Luce Bayou.  About 15.8 miles of stream course modifications (i.e., deepening and widening) to Luce 
Bayou would also be required to convey the increased flows.  About 96,000 feet of constructed 
improvements would be needed to develop this alternative into a conveyance facility.  Photographs and 
notes detailing visits to multiple locations along Luce Bayou and the surrounding area are included in the 
Alternatives Analysis Report (Appendix C).  Stream course modifications would eliminate Luce Bayou’s 
natural stream character for much of its length.  The bayou would essentially become a conveyance 
channel as described in Section 2.4.2.  The NEWPP would treat raw water conveyed to Lake Houston 
from the Trinity River via Luce Bayou.  

2.5.3 Alternative 3 – Trinity River at Capers Ridge through a Canal to Lake 
Houston 

Alternative 3 would meet the basic purpose of and need for the surface water supply (and PN3) by 
conveying water from the Trinity River to Lake Houston via a pipeline.  A 16-mile canal would discharge 
into Luce Bayou near its confluence with Lake Houston.  For Alternative 3, the diversion point is the 
Trinity River near Capers Ridge as shown on Figure 2-6, the river’s west embankment.  Ancillary facilities 
would include an administration and control building, a maintenance facility, chemical storage and feed 
facilities, a fuel facility, sedimentation basin, pipeline pigging system, resident operator housing, a potable 
water supply, onsite waste disposal, a power supply, communications, access roadways and related 
facilities.  The site and related facilities would be similar to those shown in the Preliminary Engineering 
Report (Appendix B). 

Raw water would be conveyed approximately 3.6 miles via a pipeline along Capers Ridge, then 
discharged into sedimentation basin and then to a constructed canal.  The pipeline and sedimentation 
basin would be similar to those described in Appendix B.  About 115,900 feet of constructed 
improvements would be needed to develop this alternative into a conveyance facility. 

This alternative would be designed as a trapezoidal canal beginning near SH 321 and be aligned through 
wooded areas and wetlands for approximately five miles before crossing farmland, including farmed 
wetlands, north of the Cedar Bayou watershed boundary’s northern reaches.  It would then traverse 
through wooded areas and wetlands south and west to Luce Bayou, where it would discharge to Luce 
Bayou about one mile northeast of Lake Houston. 

Alternative 3’s design is intended to provide a conveyance that minimizes right angle turns.  As a result, 
its alignment would impact more than 270 acres of wetlands.  Alternative 3A, described below, is 
designed to avoid wetlands. 
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2.5.4 Alternative 3A – Applicant’s Preferred Alternative 
This alternative is identical to Alternative 3, except that the alignment was designed to avoid and then 
minimize impacts to wetlands resources and forested areas; instead, the canal is routed through 
agricultural areas that are active farms (Figure 2-7 and Figure 2-8). 

NEWPP would treat raw water conveyed to Lake Houston from the Trinity River.  About 140,120 feet of 
constructed improvements would be needed to develop this alternative into a conveyance facility.  This 
alternative is identical to Alternative 3, except for the conveyance channel alignment, which avoids 
approximately 60 wetland-acres which would have been affected by Alternative 3.  Alternative 3A impacts 
215 acres of wetlands and of this total, approximately 20 percent are classified as farmed wetlands. 

2.5.5 Alternative 4 – Trinity River at Capers Ridge through a Pipeline to Lake 
Houston 

Alternative 4 would meet the basic purpose of and need for the surface water supply and PN3 by 
conveying water from the Trinity River to Lake Houston via a pipeline to Lake Houston.  The diversion 
point for Alternative 4 is the Trinity River near Capers Ridge as shown on Figure 2-7.  A river intake and 
pump station would be constructed along the river’s west embankment.  Ancillary facilities would include 
an administration and control building, a maintenance facility, chemical storage and feed facilities, a fuel 
facility, resident operator housing, a potable water supply, onsite waste disposal, a power supply, 
communications, access roadways and related facilities. 

A pipeline would convey the raw water approximately 24 miles directly into Lake Houston.  Most of the 
pipeline would be constructed adjacent to an existing Houston Natural Gas Company (HNG) pipeline 
easement south of Capers Ridge extending southwesterly to a point south of Farm-to-Market Road 
(FM) 1960.  The pipeline could be located adjacent to an existing Sunoco pipeline easement from 
FM1960 to Lake Houston.  About 126,300 linear feet of constructed improvements would be needed to 
develop this alternative into a conveyance facility. 

The pipeline ROW would traverse multiple land uses and natural areas as follows. 

 From Capers Ridge to SH 321, the approximate 8-mile-long ROW would mostly traverse the heavily 
wooded Trinity River floodplain. 

 From SH 321 to FM 1960, the approximate 10-mile long ROW traverses farmland and scattered 
wetlands and wooded areas as the ROW enters the upper Cedar Bayou watershed. 

 From FM 1960 to FM 2100, the approximate 3-mile ROW crosses the Cedar Bayou watershed.  It is 
carried under Cedar Bayou itself in a deep tunnel and is then tunneled under a number of 
Cedar Bayou’s western tributary streams.  

 As the ROW continues west of FM 2100, it must either be tunneled under existing housing development 
or located to avoid these land uses.  However, the proposed pipeline would not be able to avoid heavily 
wooded areas and wetlands west of FM 2100 and east of Lake Houston south of the FM 1960 East 
bridge across Lake Houston.  Development along Lake Houston’s eastern shore allows almost no 
opportunities to locate the ROW without being immediately adjacent to existing subdivisions 
(Figure 2-9). 

 The pipelines would discharge into Lake Houston close to the lake bottom, and would be designed to 
prevent posing a hazard to recreational boat traffic. 

2.5.6 Alternative 4A – Trinity River at Capers Ridge through a Pipeline to 
NEWPP 

Alternative 4A is identical to Alternative 4, except the pipeline is extended across Lake Houston for direct 
discharge to NEWPP.  The diversion point for Alternative 4A is the Trinity River near Capers Ridge as 
shown on Figure 2-7.   
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A river intake and pump station would be constructed on the river’s west side embankment.  Ancillary 
facilities would include an administration and control building, a maintenance facility, chemical storage 
and feed facilities, a fuel facility, resident operator housing, a potable water supply, onsite waste disposal, 
a power supply, communications, access roadways and related facilities. 

The pipeline would be adjacent to an existing HNG pipeline south of Capers Ridge and would extend 
southwesterly to a point south of FM 1960.  The pipeline would be adjacent to an existing Sunoco pipeline 
easement from FM 1960 toward Lake Houston, where it would then cross the lake and discharge directly 
to NEWPP for approximately 32 miles total distance.  About 167,200 feet of constructed improvements 
would be needed to develop this alternative into a conveyance facility. 

 Once the ROW enters the lake, the pipelines would be placed on the lake bottom; aligned to exit the 
lake on the western shore; and located in or adjacent to an existing utility corridor south of 
Atascocita Estates (Figure 2-7). 

 The pipelines would then be aligned to avoid existing development, but would impact existing wooded 
areas and wetlands in the West Lake Houston Parkway vicinity.  The alignment would then be oriented 
south-southwest about 5 miles to NEWPP. 

2.5.7 Alternative 5 – Trinity River Pump Station (TRPS) through a Canal and 
Pipeline to Lake Houston 

Alternative 5 would meet the purpose of and need for the surface water supply and PN3 by conveying 
water from the Trinity River at TRPS via a canal and pipeline to Lake Houston.  The diversion point for 
Alternative 5 is the Trinity River at the TRPS facility as shown on Figure 2-10.  The existing river intake 
and pump station would be modified and/or expanded along the river’s west embankment.  Appendix B 
includes drawings and describes the existing TRPS.  The existing ancillary facilities would require some 
improvements, but extensive new facilities would not be required. 

The canal portion for this alternative would convey the Trinity River raw water approximately 5.9 miles 
along the existing Dayton Canal system.  Significant improvements would be required for the existing 
Dayton Canal system to provide the capacity required.  A new pump station would need to be constructed 
near State Highway (SH) 146.  A pipeline would convey the raw water along SH 146, then to U.S. 
Highway 90 (US 90) where the pipeline would turn west, following an existing CenterPoint Energy 
easement, to discharge into Lake Houston.  The pipeline would be approximately 15.9 miles long.  About 
112,900 feet of constructed improvements would be needed to develop this alternative into a conveyance 
facility.  Improvements to the existing canal and the pipeline ROW would traverse a variety of land uses 
as follows. 

 The existing canal section being considered exists as a marginally improved drainage, which parallels a 
natural slough and bayou complex originating in the Day Lake area north and west of TRPS.  
Expanding the drainage capacity would require channelizing and expanding into an adjacent (unnamed) 
bayou which runs parallel to the improved drainage. 

 Alternative routes which would avoid the unnamed bayou would locate the canal outside the existing 
canal ROW and onto farmland (from the existing TRPS to SH 146, or approximately a 6-mile long 
canal).  Such an alternative would avoid wetlands and waters of the U.S., including wetlands, but would 
incur additional costs by needing to acquire ROW estimated at 137 acres. 

 Once the canal approached SH 146, it would transition into a pipeline conveyance and be aligned 
parallel to SH 146 northerly for about a mile and then be aligned west across farmland and then be 
tunneled under US 90 and then continue westward into the Cedar Bayou watershed.  The pipelines 
would then be carried in a tunnel section under Cedar Bayou and under a number of major tributaries to 
Cedar Bayou to FM 2100. 
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 Once under FM 2100 the pipelines would be carried adjacent to existing utility easements as much as 
practicable to Lake Houston.  This alternative would outfall to the lake at the same point as Alternative 4 
described earlier. 

 NEWPP would treat raw water conveyed to Lake Houston from the Trinity River via the pipeline system.  

Figures 2-10 through 2-12 illustrate some of the specific areas to be traversed by Alternatives 5 and 5A.  
These figures are also intended to illustrate findings quantified by the bar graphs which provide estimates 
for the various effects these alternatives have on aquatic resources and on natural areas which buffer or 
provide biological, physical and chemical benefits to aquatic areas such as wetlands and open water 
areas. 

2.5.8 Alternative 5A – TRPS through Canal and Pipeline to NEWPP 
Alternative 5A is identical to Alternative 5, except the pipeline is extended for direct discharge to NEWPP 
(Figure 2-11 and Figure 2-12).  Trinity River at the existing CWA TRPS facility is the diversion point for 
Alternative 5A.  The existing river intake and pump station would be modified or expanded along the 
river’s west embankment.  Drawings provided in Appendix B show the existing TRPS.  The existing 
ancillary facilities would require some improvements; however, extensive new facilities would not be 
required. 

As with Alternative 5, the canal would convey water for approximately 5.5 miles where the pipeline at 
SH 146 would then pick it up (where a new pump station would be constructed).  The raw water would be 
conveyed along SH146 to US90 where it would turn west and follow an existing CenterPoint Energy 
easement to Lake Houston, cross Lake Houston, and discharge directly to NEWPP.  The pipeline’s total 
length would be approximately 23.0 miles.  About 153,900 feet of constructed improvements would be 
needed to develop this alternative into a conveyance facility 

Avoiding wetlands and waters of the U.S., including wetlands such as the unnamed bayou by acquiring 
new ROW on farmland would increase costs for this Alternative 5 variation as well. 

Limited development along the proposed conveyance route exists; however, some residential 
development is near Lake Houston’s eastern shore.  The pipeline would be aligned to follow the same 
direction as Alternative 4A to the NEWPP.  Figure 2-9 and Figure 2-11 show the land use characteristics 
traversed by the pipeline after crossing Lake Houston.  The fenced pipeline ROW would be apparent to 
adjacent land uses, and access through it would be restricted as much as practical. 

2.5.9 Alternative 6 – TRPS through Pipeline to Lake Houston 
Alternative 6 would meet the purpose of and need for the surface water supply and PN3 by conveying 
water from the Trinity River at TRPS to Lake Houston via a pipeline (Figure 2-9).  The diversion point for 
Alternative 6 is the Trinity River at the TRPS facility.  The existing river intake and pump station would be 
modified and/or expanded along the river’s west embankment.  Drawings provided in Appendix B show 
the existing TRPS.  The existing ancillary facilities would require some improvements; however, extensive 
new facilities would not be required. 

The pipeline would convey raw water in a pipeline extending approximately 21.6 miles adjacent to an 
existing ExxonMobil pipeline easement to FM 2100 and then northward to Foley Road and west directly 
to Lake Houston.  About 114,200 feet of constructed improvements would be needed to develop this 
alternative into a conveyance facility 

Limited development exists along the proposed conveyance route; however, development is occurring 
along FM 2100.  Alternative 6 would traverse a variety of land uses as described on the following page. 
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 From TRPS, the pipeline would be aligned in a 300-foot ROW and traverse farmland and patches of 
wooded areas and tunneled under multiple streams.  Between Hatchfield Road and Cedar Bayou’s 
main stem, residential areas would have to be traversed and ROW identified for the pipelines.  

 Cedar Bayou would be crossed in a tunnel section and then aligned to cross US 90 and then across 
farmland and residential areas to a canal just south of the dam at Lake Houston. 

For Alternative 6, the pipeline ROW would be located through residential subdivisions and transition to an 
existing canal west of FM 2100.  The fenced ROW and other security measures for the pipeline would be 
visible to adjacent residents.  

2.5.10 Alternative 6A – TRPS through a Pipeline to NEWPP 
Alternative 6A is identical to Alternative 6, except the pipeline is extended for direct discharge to NEWPP 
(Figure 2-10 and Figure 2-12).  For this alternative, the diversion point is the Trinity River at the TRPS 
facility.  The existing river intake and pump station would be modified and/or expanded along the river’s 
west embankment.  Drawings provided in Appendix B show the existing TRPS.  The existing ancillary 
facilities would require some improvements; however, extensive new facilities would not be required.  

For Alternative 6A, the pipelines would align in a tunnel section just south of the dam and be carried 
through subdivisions immediately west of the dam in or adjacent to existing utility corridors to NEWPP.  
The proposed ROW alignment crosses through Eisenhower Park.  This alignment reflects the lesser cost 
route.  Other routes avoiding the park are possible, but would likely impact more wetland areas and cause 
some existing utility corridors to become infeasible for use.  Figures 2-11 and 2-12 indicate the estimated 
route and other possible alignments.  About 130,200 linear feet of constructed improvements would be 
required to develop this alternative into a conveyance facility. 

Natural areas south of the proposed Alternative 6A alignment are heavily wooded with many varying 
sized wetlands, and small ephemeral, intermittent and perennial streams.  These areas would provide the 
only other alternative corridors for accessing the Sam Houston Tollway ROW, which would allow pipelines 
to be aligned north to NEWPP without additional impact to residential or natural areas. 

2.6 Approach Taken to Compare Build Alternatives Environmental Effects 
From each alternative’s centerline, a 300-foot-wide corridor area was created using ArcMap©.  The 
300-foot-wide corridor was chosen, because this is the minimum width for a canal or pipeline to convey 
water from the Trinity River watershed to Lake Houston/NEWPP and to provide area needed for 
ancillary/support facilities, O&M facilities, access to surface or subsurface conveyance and a security 
buffer.  For the analysis, the footprint for the sedimentation basin and the access road to the pump station 
were removed to make all alternatives similar.  None of the 10 alternatives include sedimentation basins, 
access roads or pump stations.   

2.6.1 Determining Impact Acres for Open Water and Vegetation Communities 
Texas Parks and Wildlife Department (TPWD) has developed a comprehensive strategy to develop more 
precise land cover classification and mapping for Texas (TPWD 2005), which included identifying plant 
community quality and distribution.  As part of this comprehensive strategy, TPWD began their Ecological 
Systems Classification of Texas project.  Phase II for this project, available since 2009, includes East 
Texas and covers the land and water areas traversed by the 10 alternatives.  Phase II has 119 different 
vegetation types, 108 within the 10 alternatives ROW.  The polygons for each alternative were used to 
identify and quantify the TPWD vegetation types using ArcMap©.  The types include open water, riparian 
areas, mesic forest and other important vegetation types considered to be important to the physical, 
chemical or biological health of aquatic resources such as wetlands as defined by 33 CFR 328 (a)(3).     
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The 109 vegetation types on TPWD’s list were ranked (Table 2-2) from dry to wet using the land cover 
and common name attributes and reviewing the brief descriptions of the common names listed in Texas 
Vegetation Classification Project: Interpretive Booklet Phase II.  From this review, it was determined 
mesic forest, mesic grasslands and wetter vegetation types would be important vegetation types for 
protecting the physical, chemical or biological health for wetlands and other waters of the U.S., including 
wetlands within each alternative.  Even though all the aquatic resources within each vegetation type may 
not meet waters of the U.S., including wetlands jurisdictional criteria, it is assumed wetter vegetation 
would have more than a minimum role in protecting wetlands and drier vegetation would have a lesser 
role. 

Table 2-2:  
Land Cover Types 

No. Land Cover Common Name 

1 Urban High Urban High Intensity 

2 Urban Low Urban Low Intensity 

3 Barren Barren 

4 Agriculture Row Crops 

5 Grass Farm Grass Farm 

6 Pine Forest Pineywoods: Dry Pine Forest or Plantation 

7 Pine Forest Pineywoods: Sandhill Pine Woodland 

8 Deciduous Forest Pineywoods: Dry Upland Hardwood Forest 

9 Deciduous Forest Pineywoods: Upland Hardwood Forest 

10 Pine Forest Pine Plantation > 3 meters tall 

11 Pine Forest Pine Plantation 1 to 3 meters tall 

12 Pine Forest Pineywoods: Pine Forest or Plantation 

13 Mixed Forest Pineywoods: Pine / Hardwood Forest or Plantation 

14 Mixed Forest Post Oak Savanna: Post Oak / Redcedar Motte and Woodland 

15 Deciduous Forest Pineywoods: Sandhill Oak Woodland 

16 Deciduous Forest Pineywoods: Sandhill Pine Woodland 

17 Deciduous Forest Native Invasive: Deciduous Woodland 

18 Deciduous Shrubland Native Invasive: Huisache Woodland or Shrubland 

19 Evergreen Shrubland Native Invasive: Juniper Shrubland 

20 Deciduous Shrubland Native Invasive: Deciduous Shrubland 

21 Grassland Pineywoods: Disturbance or Tame Grassland 

22 Grassland Pineywoods: Southern Calcareous Mixedgrass Prairie 

23 Grassland Gulf Coast: Coastal Prairie 

24 Deciduous Forest Non-Native Invasive: Chinese Tallow Forest, Woodland, or Shrubland 

25 Mesic Deciduous Forest Pineywoods: Southern Mesic Hardwood Forest 

26 Mesic Mixed Forest Pineywoods: Southern Mesic Pine / Hardwood Forest 

27 Live Oak Forest Chenier Plain: Live Oak Fringe Forest 
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No. Land Cover Common Name 

28 Mixed Forest Chenier Plain: Mixed Live Oak / Deciduous Hardwood Fringe Forest 

29 Flatwoods Mixed Forest Pineywoods: Longleaf or Loblolly Pine / Hardwood Flatwoods or Plantation 

30 Flatwoods Pine Forest Pineywoods: Longleaf or Loblolly Pine Flatwoods or Plantation 

31 Flatwoods CD Forest Pineywoods: Hardwood Flatwoods 

32 Flatwoods CD Forest Pineywoods: Wet Hardwood Flatwoods 

33 Flatwoods Marsh Pineywoods: Herbaceous Flatwoods Pond 

34 Evergreen Shrubland Pineywoods: Bottomland Temporarily Flooded Hardwood Forest 

35 Riparian Bottomland Forest Pineywoods: Small Stream and Riparian Seasonally Flooded Hardwood Forest 

36 Riparian CD Forest Pineywoods: Small Stream and Riparian Temporarily Flooded Hardwood Forest 

37 Riparian Deciduous Shrubland Pineywoods: Small Stream and Riparian Deciduous Successional Shrubland 

38 Riparian Herbaceous Pineywoods: Small Stream and Riparian Wet Prairie 

39 Riparian Marsh Pineywoods: Small Stream and Riparian Herbaceous Wetland 

40 Riparian Mixed Forest Pineywoods: Small Stream and Riparian Temporarily Flooded Mixed Forest 

41 Floodplain Mixed Forest Pineywoods: Bottomland Temporarily Flooded Mixed Pine / Hardwood Forest 

42 Floodplain Bottomland Forest Pineywoods: Bottomland Seasonally Flooded Hardwood Forest 

43 Floodplain CD Forest Pineywoods: Bottomland Temporarily Flooded Hardwood Forest 

44 Floodplain Herbaceous Pineywoods: Bottomland Wet Prairie 

45 Floodplain Marsh Pineywoods: Bottomland Herbaceous Wetland 

46 Floodplain Swamp Pineywoods: Bottomland Baldcypress Swamp 

47 Riparian Swamp Pineywoods: Small Stream and Riparian Baldcypress Swamp 

48 Marsh Gulf Coast: Coastal Prairie Pondshore 

49 Marsh Marsh 

50 Swamp Swamp 

51 Open Water Open Water 

Source: Adapted from Texas Vegetation Classification Project: Interpretive Booklet Phase II, TPWD 2011. 

2.6.2 Determining Wetlands 
From the created polygons for each alternative, ArcMap© was used to identify and quantify the USFWS 
NWI wetlands within each alternative.  The NWI is the only readily available database with equitable 
coverage for all the alternatives including the proposed ROW.  The total NWI wetlands acreage for each 
alternative was totaled. 

2.6.3 Determining Flood Hazard Areas 
From the created polygons for each alternative, ArcMap© was used to identify and quantify the FEMA 
Flood Insurance Rate Maps databases for floodplains and floodways for each alternative.  The total 
floodplain and floodway acreage for each alternative was also determined. 
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2.6.4 Determining Perennial and Intermittent Streams 
From the created polygons for each alternative, ArcMap© was used to identify and quantify stream lengths 
within the USGS National Hydrography Dataset (NHD).  The streams within the NHD are typically the 
streams shown on the historic USGS topographic maps, which are typically perennial and intermittent 
streams.  A total estimated stream length for each alternative was determined. 

2.7 Impacts from Each Alternative on Special Aquatic Species and Other 
Resources 

A series of charts and maps were prepared based on land use, mapped biological and sensitive habitats, 
mapped wetlands and waters of the U.S., including wetlands using ArcGIS® (GIS software) and are 
presented on Figures 2-13, 2-15  through 2-25.  The analyses included plotting available data obtained 
through resource and regulatory agency records compilation and review, and site reconnaissance.  The 
resources analyzed include the following:  

 Wetlands intersected by each alternative (acres); 

 Perennial and intermittent streams intersected (linear feet) by each alternative; 

 Floodplain and floodway (acres) traversed by each alternative; 

 Open water (acres) traversed by alternatives; 

 Riparian areas (acres) traversed by each alternative; 

 Bottomlands (acres) traversed by each alternative; and 

 Mesic forest (acres) traversed by each alternative. 

2.7.1 Impacts from Each Alternative on National Wetlands Inventoried (NWI) 
An analysis was made about the potential for alternatives to adversely affect wetlands.  NWI maps were 
used to determine wetland acreages which would either be inundated by water or filled due to 
constructing and operating the alternative.  The assessment results are depicted on Figure 2-13. 

Alternative 1 would inundate and/or fill major portions of 991wetland-acres from using Sand Creek and 
the East Fork for water supply conveyance from Lake Livingston to Lake Houston.  Luce Bayou channel’s 
use in Alternative 2 to convey water would affect almost 280 wetland-acres.  Alternative 3, which uses a 
portion of the Luce Bayou channel, would affect 275 wetland-acres.  The Applicant’s preferred alternative, 
Alternative 3A, would potentially affect about 215 wetland-acres.  Alternatives 4, 4A, 5, 5A and 6 would 
also significantly affect wetlands, even though most of the conveyances’ length would be in subsurface 
pipelines. 

Large diameter water conveyance pipeline construction will require significant adverse impacts to surface 
landscape features including removing vegetation (Figure 2-14).  Construction activities would result in 
discharging fill material.  Permanent pipeline ROW maintenance would prohibit woody vegetation and 
other natural features, which would prevent immediate access to all or parts of the pipeline system 
including access roadways or pump stations and booster pump stations.  A cross-section for a typical 
water conveyance pipeline ROW is shown on Figure 2-15. 
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Figure 2-13:  
NWI Mapped Wetlands Traversed by the Alternatives 

 

2.7.2 Impacts from Each Alternative on Intermittent and Perennial Streams 
Varying lengths for intermittent and perennial streams and stream segments would be located within the 
build alternatives ROW.  As indicated on Figure 2-16, the stream lengths are estimated according to 
linear feet of stream located within the alternative’s ROW.  For alternatives designed as subsurface 
pipeline for most of the conveyance distance or for a limited distance (Alternatives 2, 4, 4A, 5, 5A and 6), 
the potential exists to avoid most stream segments by tunneling beneath the stream.  However, virtually 
all woody vegetation and trees within any of the pipeline ROW would be cleared and permanently 
maintained as grassed areas.  Figure 2-17 and Figure 2-18 compare the intermittent and perennial 
streams areas in which each alternative would be located. 

One area to be traversed by Alternatives 4, 5 and 6 is the Cedar Bayou watershed.  About half of the 
watershed is in Harris County and the other half in Liberty and Chambers counties.  Cedar Bayou is a 
southward flowing stream originating in Liberty County and enters Galveston Bay approximately 60 miles 
from its headwaters.  The watershed encompasses approximately 202 square miles, and Cedar Bayou is 
the primary surface water feature.  About 128 miles of open streams exist within the Cedar Bayou 
watershed, inclusive of the bayou itself and its tributaries.  The watershed’s population is estimated at 
32,000 (Harris County Flood Control District 2011) 

Constructing and operating either improved canal conveyances or pipelines effect the watershed 
including altered drainage patterns and introducing other pollutants due to pipeline ROW or canal O&M.  
Mitigating these would require detailed management plans and consistent plan enforcement.  Generally, 
any conveyance alternative traversing the watershed would have the potential to adversely affect the 
watershed’s physical, chemical, and biological health.  Alternatives using the existing canal system could 
have a lesser impact on the watershed.  However, necessary improvements to the system as described 
earlier and the likelihood new canal alignments would be required to avoid wetlands reduces the 
feasibility to extensively use the existing canal system without major changes.   

  

Note: *3A is the Applicant’s 
Preferred conveyance route and 
is shown at the far right in each 
graph in this DEIS Section. 
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Figure 2-14: 
Surface Landscape Impacts by Large Diameter Water Conveyance Pipeline Construction 
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Figure 2-15: 
Right-of-Way Requirement for Canal and Subsurface Pipeline 
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Figure 2-16: 
Perennial and Intermittent Streams Traversed by Each Alternative 
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The build alternatives were evaluated according to the acres of floodway/floodplains they would traverse.  
FEMA’s special flood hazard areas mapping was used for these acreage determinations.  For all 
alternatives, it is presumed the project footprint would encompass the surface water conveyance canal 
and the subsurface pipelines within a 300-foot ROW and the proposed ROW would be developed to 
provide complete access at all times and during all conditions to the conveyance facilities or related 
facilities such as pump stations, flow meters or booster pumps.  This means access roadways and areas 
adjacent to canals or areas over pipelines would be elevated above the 100-year floodplain.  
Figures 2-19 and 2-20 show the floodplains/floodway acres traversed by the Alternatives.  Figures 2-21 
through 2-25 compare the floodplain/floodway areas in which each alternative would be located. 

Figure 2-19:  
Floodplains (acres) Traversed by Each Alternative 

Figure 2-20:  
Floodways (acres) Traversed by Each Alternative 
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Figure 2-21: Floodway and Floodplain Map Alternatives 1, 2, 3 and 3A
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Figure 2-22: Floodway and Floodplain Map Alternatives 4, 4A, 5, 5A, 6 and 6A
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Figure 2-23:  Alternatives 1, 2, and 3 FEMA Flood Hazard Zone 
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Figure 2-24:  Alternatives 3A, 4, and 4A FEMA Flood Hazard Zone 
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Figure 2-25.  Alternatives 5, 5A, 6 and 6A FEMA Flood Hazard Zone 
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2.7.2.1 Cedar Bayou Watershed 
Figure 2-26 is a Cedar Bayou watershed map, which indicates the major streams and other waterways in 
the watershed.  At its confluence with Galveston Bay, TPWD considers Cedar Bayou as a critical wildlife 
habitat (TPWD, 2010).  Due to its importance to the Galveston Bay system fisheries and other wildlife 
resources, and to concerns about its listing as an impaired stream (303(d)), the Houston-Galveston Area 
Council (HGAC) applied for and received a 319(h) grant from EPA to prepare a watershed protection plan 
for the Cedar Bayou watershed (HGAC 2011).  HGAC has been working with local stakeholders to 
systematically study the watershed and develop a protection plan.  To date, human induced impacts to 
the watershed have been found to contribute to reduced water quality in Cedar Bayou and its tributaries.  
Upper watershed development through farming, sanitary sewer and septic systems, avian and terrestrial 
wildlife, and domestic animals are all sources for adverse effects to water quality in the watershed.  Major 
additional concerns include increased sediment loads from altered drainage patterns due to continued 
urban development in the watershed. 
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Figure 2-26: Cedar Bayou Watershed Map
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2.7.3 Impacts of Each Alternative on Open Water Areas 
Each alternative would have varying open water areas within the proposed project ROW.  Figure 2-27 
summarizes open water areas intersected by the alternatives under consideration. 

Figure 2-27:  
Open Water Areas (acres) Traversed by the Alternatives 

2.7.4 Impacts from Each Alternative on Riparian Areas, Bottomlands and Mesic 
Forests 

Impacts to riparian areas, bottomlands and mesic forests vary by alternative as described in more detail 
below. 

Alternatives 1 and 2 affect riparian areas.  Bottomlands (generally hardwood species in floodplain areas) 
are affected by Alternatives 1, 2, 5, 5A, 6 and 6A.  Mesic forest (high species richness in the understory of 
coastal plain forests) would be affected by Alternatives 1 and 2 (20 and 27 impacted acres, respectively). 

Analyzing true color photography and Digital Orthophoto Quarter-Quadrangle aerials in ArcGIS® resulted 
in identifying riparian habitat along Alternatives 1 and 2.  Figures 2-28, 2-29 and 2-30 show riparian, 
bottomlands and mesic forest areas traversed by the alternatives. 
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Figure 2-28:  
Riparian Areas (acres) Traversed by the Alternatives 

Figure 2-29:  
Bottomland Areas (acres) Traversed by the Alternatives 
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Figure 2-30:  
Mesic Forest Areas (acres) Traversed by the Alternatives 
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Table 2-3:  
Vegetation Types per Alternative 

Vegetation Type Groupings 
(acres unless noted otherwise) Alternatives 

Percent of Alternative 1 2 3 4 4A 5 5A 6 6A 3A* 

Open Water  21.5 0.0 15.5 4.5 72.7 4.9 73.1 0.9 9.8 4.9 

Percent of Alternative 0.9% 0.0% 1.6% 0.5% 6.3% 0.6% 6.9% 0.1% 1.1% 0.5% 

Riparian Areas 1,664.8 366.5 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Percent of Alternative 73.2% 25.6% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Bottomlands 486.1 7.7 4.9 3.9 3.9 12.8 12.8 11.3 43.6 1.5 

Percent of Alternative 21.4% 0.5% 0.5% 0.4% 0.3% 1.6% 1.2% 1.6% 4.8% 0.2% 

Mesic Forests  20.3 27.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Percent of Alternative 0.9% 1.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Important Vegetation Types for Wetland 
Protection  1,918.2 834.6 283.5 219.3 292.6 86.7 160.1 144.9 209.3 198.8 

Percent of Alternative 84.4% 58.2% 29.5% 25.3% 25.5% 11.1% 15.1% 21.0% 23.2% 20.8% 

NWI  996.0 279.5 274.5 65.8 145.3 142.0 221.5 58.6 96.2 215.1 

Percent of Alternative 43.8% 19.5% 28.6% 7.6% 12.7% 18.2% 20.9% 8.5% 10.6% 22.5% 

Floodplain  1012.9 215.1 128.8 78.6 207.4 94.5 302.0 96.1 123.1 46.9 

Percent of Alternative 44.6% 15.0% 13.4% 9.1% 18.1% 12.1% 28.4% 14.0% 13.6% 4.9% 

Floodway  899.9 1008.4 64.0 91.6 155.5 101.6 257.2 15.8 56.3 6.6 

Percent of Alternative 39.6% 70.4% 6.7% 10.6% 13.6% 13.0% 24.2% 2.3% 6.2% 0.7% 

Floodplain and Floodway 1912.8 1223.5 192.8 170.1 363.0 196.2 559.1 112.0 179.4 53.5 

Percent of Alternative 84.1% 85.4% 20.1% 19.6% 31.6% 25.1% 52.7% 16.3% 19.9% 5.6% 

Prime Farmland  24.50 479.31 190.88 156.36 167.40 307.10 318.13 298.53 326.01 140.67 

Perennial and Intermittent Streams (feet) 393,269 147,640 46,229 20,471 22,188 108,307 110,024 15,794 17,025 19,873 

*Applicant’s Preferred Alternative
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2.7.5 Wildlife Management Areas 
Wildlife management areas include national preserves, national forests, national wildlife refuges (NWRs), 
wildlife management areas (WMAs), state parks (SP), county parks, Indian reservations, privately 
managed lands and others.  These data were collected from many sources including USGS topographic 
maps, the Texas General Land Office and the USFWS.  Boundaries for these areas were identified and 
compared to the alternative locations.  The acreage for managed areas affected by each alternative was 
estimated. 

Managed areas intersecting the alternatives include Sam Houston National Forest, Sam Houston WMA, 
Lake Houston SP, Trinity River NWR, Dwight D. Eisenhower SP and Alexander Deussen SP, as shown 
on Figure 2-31. 

Alternative 1 would traverse the Sam Houston National Forest and Sam Houston WMA for most of the 
alignment approximately 203,800 linear feet long encompassing 701.8 acres.  Alternatives 2, 3, 3A, 4 and 
4A extend across properties included as part of the Trinity River NWR acquisition corridor approximately 
9,900 linear feet long encompassing 68.2 acres.  The alternatives would not actually be located in the 
NWR lands.  The USFWS has developed a plan to acquire floodplain areas within a corridor identified 
along the Trinity River for conservation as part of the Lower Trinity River Floodplain Habitat Stewardship 
Program, and would acquire these lands when funding becomes available.  Alternatives 6 and 6A extend 
across Dwight D. Eisenhower SP and Alexander Deussen SP for approximately 14,800 linear feet long 
encompassing 101.93 acres. 

2.7.6 Aquatic Resource Impact: Comparing the Alternatives 
The matrix in Table 2-4 compares each alternative according to its effects on six resource categories, 
which were selected because either they are aquatic resources (wetlands, streams) or they fall easily into 
the category of significant environmental resources which have a strong relationship to wetlands/streams.  
For example, these resources play some role in maintaining the physical, chemical and biological integrity 
for aquatic resources.  For ease of reference, bottomlands and floodplains are lumped together with 
streams and wetlands on the matrix and referred to collectively as aquatic resources.  

Each impact noted is considered a permanent impact from constructing and maintaining the ROW.  As is 
illustrated in Figure 2-14 and Figure 2-15, pipeline ROWs are proposed to be maintained and secured 
through a variety of means including fencing the ROW to prevent access by persons/vehicles or 
equipment which could potentially damage conveyance facilities or support equipment.  As a result, 
conveyance pipelines are not maintained in the same way as other pipelines such as those constructed 
for natural gas or petroleum (e.g., petroleum or natural gas pipelines typically exist in cleared and 
relatively narrow ROWs that may range up to 50 feet).  Often these facilities are bundled so multiple 
pipelines are located within these narrow corridors.  These pipelines are much smaller in diameter when 
compared with the two, 108-inch (9-foot) diameter water pipelines buried at least 6 feet below the ground 
surface for the proposed water conveyance pipeline. 
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Table 2-4:  
Aquatic Resource Impact Comparison 

 1 2 3 3A 4 4A 5 5A 6 6A 

Linear Feet (LF) of 
Constructed Facilities 

17,600 96,000 115,900 140,000 126,300 167,200 112,900 153,900 114,200 130,200 

NWI Wetlands  
(acres = ac.) 

996 ac. 
(inundated or fill) 

280 ac. 
(inundated or fill) 

275 ac. 
(fill) 

215 ac. 
(fill) 

66 ac. 
(fill) 

145 ac. 
(fill) 

142 ac. 
(fill) 

222 ac. 
(fill) 

59 ac. 
(fill) 

96 ac. 
(fill) 

Perennial/Intermittent 
Streams 
(Linear Feet = LF) 

393,269 LF 
(inundated or fill) 

147,640 LF 
(inundated or fill) 

36,984 LF 
 filled by canal 

9,245 LF  
avoided by  

pipeline 

15,898 LF  
filled by canal 

3,975 LF 
avoided by  

pipeline 

4,095 LF  
impact to  

small streams 

16,376 LF  
avoided by  

pipeline 

4,438 LF  
impact to  

small streams 

17,750 LF  
avoided by  

pipeline 

21,662 LF 
impact to  

small streams 

86,645 LF  
avoided by  

pipeline 

22,005 LF 
impact to 

small streams 

88,019 LF  
avoided by  

pipeline 

3,159 LF 
impact to  

small streams 

12,635 LF  
avoided by  

pipeline 

3,405 LF 
impact to  

small streams 

13,620 LF  
avoided by  

pipeline 

Bottomlands 
(acres = ac.) 

486 ac. 
(inundated) 

7.7 ac. 
(inundated) 

4.9 ac. 
(fill) 

1.5 ac. 
(fill) 

4.0 ac. 
(fill) 

4.0 ac. 
(fill) 

13 ac. 
(fill) 

13 ac. 
(fill) 

145 ac. 
(fill) 

44 ac. 
(fill) 

Flood Plain/Floodway 
(FP)  
(acres = ac.) 

1,913 ac. 

% in Cedar Bayou  
FP = 0% 

1,224 ac. 

% in Cedar Bayou  
FP = 0% 

193 ac. 

% in Cedar Bayou  
FP = 0% 

54 ac. 

% in Cedar Bayou  
FP = 5 ac. 

170 ac. 

% in Cedar Bayou  
FP = 8% or 

14 ac. 

363 ac. 

% in Cedar Bayou  
FP = 8% or 

30 ac. 

196 ac. 

% in Cedar Bayou  
FP = 14% or 

27 ac. 

559 ac. 

% in Cedar Bayou 
FP = 14% or 

78 ac. 

112 ac. 

% in Cedar Bayou  
FP = 22% or 

25 ac. 

179.4 ac. 

% in Cedar Bayou  
FP = 22% or  

40 acres 

Vegetation Important 
for Wetland Protection  
(acres = ac.) 

1,918 ac. 
(inundated/ 
removed) 

835 ac. 
(inundated/ 
removed) 

284 ac. 
(removed in ROW) 

199 ac. 
(removed in ROW) 

219 ac. 
(removed in ROW) 

293 ac. 

(removed in ROW) 

87 ac. 
(removed in ROW) 

160 ac. 
(removed in ROW) 

145 ac. 
(removed in ROW) 

209 ac. 
(removed in ROW) 

Riparian Zone 
(acres = ac.) 
(sq. ft. = ft2) 

Source: GIS databases: 

Notes: 1 All impacts are permanent impacts vs. temporary effects from construction.  Approximately 80 percent of the stream resources can be avoided by tunneling when an alignment includes a pipeline section (all alternatives have a pipeline section of varying length). 
2 The shaded boxes indicate resource impacts exceeding those of the Applicant’s Preferred Alternative (Alternative 3A) 
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A review of the alternatives matrix indicates Alternatives 1, 2 and 3 would have adverse effect on aquatic 
and other significant environmental resources.  In descending order, Alternative 5 would cause the next 
most adverse effects, followed closely by Alternatives 5A and 6A.  Alternatives 4, 4A and 6A would cause 
the least adverse effect on aquatic resources (wetlands and streams) when compared with the 
Applicant’s preferred alternative, Alternative 3A, although these alternatives would have greater adverse 
effects on other resources when compared to Alternative 3A (bottomlands, floodplain development, 
vegetation important for wetland protection).  Alternatives 4, 4A, 5, 5A, 6 and 6A are in the Cedar Bayou 
watershed which is a recognized resource that is vulnerable to direct, indirect, and cumulative 
environmental effects, and one that requires protection as part of a comprehensive watershed protection 
study by the area Metropolitan Planning Organization (HGAC).  Water quality and sediment impacts 
through floodplain and related development are principal concerns for the ongoing study.  Alternatives in 
the Cedar Bayou watershed would have to incorporate measures to minimize effects to sediment 
deposition in the Cedar Bayou and ensure ROWs maintenance activity did not further contribute to 
degraded water quality by using pesticides, insecticides, fertilizers or other ROW and facility maintenance 
program features.  Despite implementing such measures, the risk of detrimental or adverse permanent 
effects to the Cedar Bayou watershed and to the Cedar Bayou itself from the water supply conveyance 
system construction and O&M would remain a long-term concern. 

2.8 Preliminary Engineering: Design Considerations, Construction 
Logistics and Estimated Build Alternatives Costs 

As stated earlier, a schematic detail level has to be developed for each alternative to determine how it 
can be implemented, operated, and maintained.  Reasonable detail is also required to determine how 
each alternative can be constructed (logistics) and how much each system would cost.   

Each alternative was evaluated with respect to various preliminary engineering issues, listed below. 

 Alternative intake locations, types, configurations and construction materials 

 Alternative pump station locations, types and configurations 

 Preliminary hydraulic design for intake, pumping system and transmission system calculations and 
determining preliminary intake, pump, pipe and open channel sizes 

 Silt control measures at the pump station and along open channels 

 Silt dewatering and disposal alternatives 

 Geotechnical issue investigation and developing scopes of work for field investigations, laboratory 
testing and engineering analysis required for preliminary design 

 Preliminary civil/site issues based on initial site/route visits 

 Preliminary site plan for each alternative pump station site 

 Structural and electrical issues 

 Instrumentation and communications alternatives 

 Mechanical equipment issues 

 Pipe material alternatives 

 Corrosion and cathodic protection alternatives 

 Alternative power supply sources to the pump station and ancillary facilities 

 Emergency power supply considerations 

 Required actions with alternative power suppliers 

 Potable water and sanitary/waste disposal for pump station site facilities 

 Issues related to areas potentially contaminated with hazardous and toxic materials 
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 Constructability 

 Site access 

 Security required for pump station site and along transmission route 

 Pipeline and private utility crossing issues including relocations 

 Highway and county roadway crossing issues 

 Railroad crossing issues 

 Potential land acquisition issues based on initial meetings with area landowners 

 Feasibility level probable cost estimates for alternatives including construction, mitigation, land 
acquisition, engineering, legal, administrative and operations, maintenance and repair 

The early Luce Bayou Water Transfer project is described by reports dating from the 1970s and 1980s, 
including pump station configuration, pipeline, stream and canal conveyance facilities, the existing TRPS 
plans provided by Kellogg, Brown and Root (KBR), and available engineering and environmental data, 
many specific engineering issues were identified and addressed.  Issues ranging from mechanical, 
structural and electrical to general site access, constructability and cost have been evaluated and are 
described in the following sections. 

2.8.1 General Issues 
The following sections describe the general issues involved with designing, building and maintaining 
proposed water conveyance and facilities related to each alternative alignment.   

2.8.1.1 Intake Structures 
Intake structures fall into two basic types:  lake intakes and river intakes. 

2.8.1.1.1 Lake Intake 
Alternative 1 is the only alternative using a lake intake, and a Lake Livingston map depicting topographic 
features for submerged and non-submerged areas was reviewed.  The old Trinity River channel contains 
the deepest lake waters.  It is understood that during a record drought with all permitted waters diverted 
for their intended uses, the lake level could be extremely low, perhaps limited to flows just in the old 
channel.  Therefore, the location for a lake intake in the old channel provides a greater potential to divert 
water from the lake during drought periods.  The old channel weaves through the lake’s main body with a 
portion located relatively close to the peninsula with the Cape Royale development (see Appendix B).  
The Cape Royale development is relatively close to Sand Creek, which is a tributary of the East Fork 
which in turn feeds into Lake Houston.  Therefore, the Cape Royale development area and Sand Creek 
would likely form the basic diversion and conveyance corridor for Alternative 1. 

Cape Royale is a private, gated golf community on Lake Livingston’s western shore, populated with 
moderately to expensively priced homes.  Locating a lake intake immediately offshore from this 
development, a pump station on shore and a raw water transmission line through the development would, 
in all likelihood, receive considerable opposition from the homeowners.  Therefore, three alternative pump 
station and intake locations were identified.  One is an intake north of Cape Royale with a pump station at 
Wolf Creek Park, which TRA owns and operates.  The second alternative places the pump station and 
intake in the Cape Royale community with an intake directly offshore.  The third alternative places the 
intake south of Cape Royale at a TRA-owned abandoned marina site.  A raw water conveyance line could 
be routed from these three alternative sites to Sand Creek. 
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Regarding the lake intake, depending on the lake’s depth and the water quality’s vertical variation, a 
tower intake structure allowing water to be drawn off from selected levels was considered.  If the water 
quality stratification in the lake is not an issue, then a simpler submerged intake could be designed.  
Stratification and water quality issues related to depth were not investigated.  Sediment deposition and 
transport rates in the lake would need to be investigated as part of final design to assure the lowest intake 
levels do not become clogged or buried over time. 

Various materials including steel and concrete may be used for pipe.  Structures will likely be constructed 
using reinforced concrete.  Structural steel piles may be used in any structure and be incorporated into 
the permanent structures.   

Initial issues related specifically to this lake alternative include the following: 

 Water depths in the old Trinity River channel under various conditions, including record drought and 
flood conditions; 

 Water quality in the lake’s various water strata throughout the year and during various water level 
conditions; 

 Sedimentation deposition and transport rates in the lake; 

 Aquatic species requiring protection at the intake; 

 Public support for intake, pump station and transmission line locations; 

 Available land for on-shore pump station; and 

 Acceptable intake structure configuration and location for safe boating and other Lake Livingston water 
uses.  

2.8.1.1.2 River Intake 
Alternatives 2, 3, 3A, 4 and 4A include a new intake constructed on Trinity River’s western bank at 
Capers Ridge.  The intake is incorporated into the pump station structure.  For this analysis, the intake 
structure is assumed to be similar to those in the plans developed by KBR contained in Appendix B. 

Alternatives 5, 5A, 6 and 6A include using the existing intake structure at TRPS with possible 
modifications and improvements to the existing intake structure and pump configuration.  The drawings 
for the existing TRPS are in Appendix B.  Photographs for TRPS are in Appendix C (Alternatives 
Analysis Report) under the site visit dated July 19, 2006. 

The river intake structures will likely be incorporated into the pump station, and constructed using 
reinforced concrete.  Structural steel piles may be used in any structure and be incorporated into the 
permanent structures.    

Issues related to the location and design for the river intake alternatives include the following: 

 Water depths in the Trinity River under various conditions, including record drought and flood 
conditions; 

 Sedimentation deposition and transport rates in the Trinity River; 

 Aquatic species requiring protection at the river intake; 

 Public support for the intake, pump station and transmission line locations; 

 Acceptable intake structure configuration and location for safe Trinity River navigation; 

 Land available within Trinity River (General Land Office Easement); 

 Bank stability, erosion and other geotechnical considerations; and 
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Initial preliminary engineering issues common to all alternatives include the following. 

 Consider a less open system where each pump cell is isolated and could be shut off for inspection or 
maintenance without shutting the entire pump station down.  This could be achieved by having separate 
sluice gates for each pump cell for example. 

 In addition to bar screens, investigate using fine screens.  Additional grit removal would improve pump 
longevity due to wear and reduce siltation in the channel downstream from the pumps. 

 Consider each pump cell’s size and structure to assure it does not induce pump cavitation or inefficient 
operation. 

 Consider the option for being able to select the vertical location from which water is drawn into the 
station for maximum efficiency. 

2.8.1.2 Pump Station 
The pump station locations for the various alternatives are discussed in the previous section on intakes.  
This section identifies various characteristics evaluated for each alternative site.  The number of pumps 
and the specific pumping capacity for each pump would be determined during the preliminary design.  For 
this analysis, the pump station configuration at Capers Ridge for Alternatives 2, 3, 3A, 4 and 4A is 
assumed to be similar to the design shown in Appendix B.  The configuration for the existing pump 
station at TRPS, which would be incorporated into Alternatives 5, 5A, 6 and 6A, is in Appendix B.  It is 
assumed the pump station configuration for Alternative 1 may be somewhat similar to Alternatives 2, 3, 
3A, 4 and 4A with modifications to accommodate the lake intake configuration.   

Initial system requirements and the initial route corridors for the pipeline, canal and channel 
improvements for each alternative were identified.  The length for each conveyance method was 
determined from available maps, and a profile for each route corridor was estimated using preliminary 
USGS data.  The profiles created for each alternative are in Appendix B.  Flow requirements are 
200 MGD for Phase I and 400 MGD for Phase II.  From this data, preliminary pipeline and canal sizes 
were identified, and system static and dynamic heads were developed to determine power requirements.   

Structures will likely be constructed using reinforced concrete.  Structural steel piles may be used in any 
structure and be incorporated into the permanent structures.  

In summary, initial preliminary engineering considerations for pump stations include the following: 

 Number of pumps and flow rate for each pump as impacted by total pumping capacity, firm pumping 
capacity, phased pumping capacity, and water system delivery/operational requirements; 

 Total dynamic head as impacted by pipeline and canal hydraulics, and static head conditions; 

 Energy use including operating pumps at maximum efficiency, and potential use of Variable Frequency 
Drives;   

 Specific pump curves over entire operation range to achieve optimum pump and motor efficiency and 
minimum operational costs;  

 Vibration analysis and monitoring; 

 Pumps and intake structure need to be analyzed together especially under low water level conditions at 
the intake in relation to Net Positive Suction Head required and flow paths within the intake structure to 
prevent pump cavitation during operation; 

 Pump operations within the overall system operation, particularly during rainfall and other high flow 
events within a watershed impacting system pumping allowance; and 
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 Pump controls including the type of control valves and throttling and on/off operation for the individual 
pumps, or throttling the pump using a control valve to adjust flow, and determining whether the pump 
starts against an open (e.g., check valve) or closed valve. 

2.8.1.3 Pipelines 
To some extent, each alternative uses a pipeline to convey raw water for all or part of its route.  These 
pipelines vary in length depending on the alternative.  For Alternative 1, the pipeline is used to convey the 
water from Lake Livingston uphill to Sand Creek.  As shown on Figure 2-5, the water could be conveyed 
by gravity in an open channel the remainder of the distance along Sand Creek and then the East Fork to 
Lake Houston.  For Alternatives 2, 3 and 3A, the pipeline is required to convey the water from Trinity 
River uphill to a canal.  A pipeline is used to convey the water from Trinity River the entire length to Lake 
Houston for Alternative 4 and directly to NEWPP for Alternative 4A. 

Alternative 5 includes a pipeline used to convey water from the pump station at SH146 to Lake Houston.  
For Alternative 5A, the pipeline continues directly to NEWPP.  The pipeline for Alternative 6 is used to 
convey water from TRPS the entire length to Lake Houston, while Alternative 6A continues the pipeline 
directly to NEWPP. 

The initial system requirements were developed as noted in the previous section.  A preliminary hydraulic 
review of the pumping and piping system was completed.  The optimum pipe size for an application 
minimizes the combined cost for the pipe and its installation, and the cost for power to pump water 
through the pipe.  Using the estimated ultimate 400 MGD design flow, an optimal pipe size on a cost per 
foot basis was developed to include dual (two) lines of 108-inch (9-foot) diameter reinforced concrete 
cylinder pipe. 

The number, type and placement for valves along the pipeline are also considered as they relate to the 
pipeline’s hydraulic capacity.  Various materials including steel and concrete may be used for pipe.  
Various metals may be used to manufacture valves.  In summary, initial preliminary engineering issues for 
pipelines include the following: 

 Pipeline location – Environmental constraints influencing the pipeline location; 

 Availability and cost for piping materials; 

 Corrosion protection; 

 Surge pressures;  

 Inline valves including shut-off valves and vacuum and air-release valves; 

 Liners and coatings; and 

 Construction methods including open cut and trenchless technology. 

2.8.1.4 Hazardous Materials Data and Pipeline Canal Construction 
Existing pipelines, oil and gas exploration sites, listed and unlisted sites with contaminated substances 
exist throughout the areas traversed by each Alternative.  Besides environmental constraints such as 
streams, wetlands and other sensitive areas, the potential for encountering hazardous material is a risk 
that must be accounted for and reduced as much as practical for any project, especially a public water 
supply conveyance.  Avoiding such sites is a high priority, contributes to higher construction costs and 
plays a role in the logistics for siting and constructing pipeline or canal conveyances. 
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Many acts, laws and regulations define hazardous materials and hazardous waste.  In general, 
hazardous materials and hazardous waste include substances which may present substantial danger to 
the public health, welfare or the environment when released due to their quantity, concentration or 
physical, chemical or infectious characteristics.  The USEPA regulates hazardous chemicals, substances 
and wastes under the Resource Conservation and Recovery Act (RCRA), the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), and the Toxic Substances 
Control Act.  Underground Storage Tanks (USTs) containing regulated substances including petroleum 
products and those hazardous substances included in CERCLA are subject to RCRA Subtitle I 
requirements.  Tanks used to store hazardous wastes are regulated under RCRA’s hazardous waste 
regulations.  Texas has an approved UST program, meaning UST system owners and operators are 
subject to federal and state requirements.  No single comprehensive regulation governs aboveground 
storage tanks.  Federal laws that regulate aboveground storage tanks include the CWA, the Oil Pollution 
Act, the Clean Air Act and RCRA.  The specific regulatory requirements depend on the substances 
contained in the tanks. 

A Superfund site is a hazardous waste site which is part of the EPA’s Superfund Program.  Known 
Superfund site data from the TCEQ database were plotted in ArcGIS®.  The number of Superfund sites 
within 500 feet of each alternative was calculated.  Oil and gas industry mapping service data were 
obtained from GeoMap and the Railroad Commission of Texas (RRC) to identify the presence of oil and 
gas wells along the alternatives.  The number of oil and gas well sites within 500 feet of each alternative 
was included in the analysis.  Data on pipeline corridors were acquired from the RRC and plotted in 
ArcGIS®.  The alternatives were mapped, and the number of pipeline corridor crossings for each 
alternative was calculated.  Superfund sites, oil and gas wells, and oil and gas pipelines are compared on 
Figures 2-32 through 2-34. 

One TCEQ listed Superfund site is within 500 feet of Alternative 5 and shown on Figure 2-34.  The site 
name is Liberty Waste Disposal Company or the Cox Road Dump Site, with EPA ID TXD9879871789.  
This site was operated as an industrial waste disposal facility from 1969 until 1983.  The site was 
originally used to landfill tank bottoms and filter cake from petroleum companies, using a trench and fill 
method.  At the close of operations, the landfill was capped with soil dug up from a portion of the site.  
Since then, the 3-foot topsoil layer has eroded and the buried waste has been exposed.  Runoff from the 
site drains into the Trinity River through a series of ditches that crisscross the property.  Analytical results 
from soil and water samples indicate the presence of arsenic, barium, boron, chromium, lead, mercury, 
Aroclor 1016, cadmium, cobalt, cyanide, phenol, toluene, xylene and the pesticide 4,4-DDE.  On 
August 25, 2006, a legal notice was published in the Texas Register, (31 TexReg 7021), officially deleting 
the site from the state Superfund registry in accordance with 30 TAC §335.344(c) and 30 TAC 
§361.189(a).  The site was accepted into the Voluntary Cleanup Program in 2006 and site remediation is 
planned to occur as directed under this program.  

2.8.1.5 Canals 
Several alternatives include constructing canals to convey raw water by gravity.  New canals are included 
in Alternatives 2, 3 and 3A.  Alternatives 5 and 5A include improving an existing canal. 
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For a constructed canal, major factors to be considered are the shape, material used for lining the canal, 
the canal’s elevation and slope.  The alignment, although important, has a larger impact on hydraulics 
than some of the other factors.  Using long stretches with straight reaches is more desirable, because it 
minimizes hydraulic inefficiencies which equates to lower construction cost and power usage.  The 
canal’s shape, lining and slope affect the canal’s size and capacity, and must be considered along with 
their effects on hydraulics at various flow rates.  The material type used affects the canal’s roughness and 
capacity.  The canal’s slope affects its size in terms of cross-section and velocity.  The velocity in the 
canal needs to be considered.  Velocity may affect the degree of erosion on an earthen canal, and can 
influence the sediment transport and deposition rate, which can affect the canal’s capacity over time.  
Based on these details, the material type used to line the canal is critical, whether it is concrete lined, 
earthen lined, vegetated canal or some combination of all three.  If porous materials are used such as in 
earthen canals, seepage losses must be considered.  If these losses are substantial, additional water 
must be pumped to offset the losses, thereby resulting in an increase in the overall cost.   

Decreasing surface area (changing the canal’s shape) or changing the lining material may decrease 
these losses possibly offsetting the increase in cost for changing materials.  Evaporation losses also need 
to be considered. 

Another concern is determining the energy dissipation necessary to prevent erosion.  Due to decreased 
velocities from the pipeline to the canal, a centralized location for sediment deposition must also be taken 
into account. 
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The canal elevation may vary according to the local topography.  For example, along the alignment for 
Alternatives 3 and 3A, the canal must be able to convey the water by gravity from the end of the proposed 
pipeline to Luce Bayou near its confluence with Lake Houston.  To account for varying topography, at 
some locations the top of the canal may be at or near natural ground, while other areas the top of the 
canal may be elevated to conform to the surrounding landscape elevation.  The land surface elevation is 
affected in those areas with constructed berms from roads or nearby agricultural reservoirs.  In these 
areas, the canal would have an embankment structure well above the natural ground surface elevation, 
and the canal construction and maintenance cost would increase compared to typical per mile costs 
estimated for the canal section.  More importantly, the elevated canal embankment may impede surface 
water flow and rainfall runoff in the vicinity.  Thus, provisions would be required to place the canal in a 
location that would minimize impacts to surface drainage, and/or the canal may be constructed with 
culverts or siphon structures to allow surface water to flow unimpeded thereby not increasing localized 
flooding.  The constructed canal embankment may also impede access across the canal and to the land 
isolated by the canal and between the canal and Luce Bayou.  Provisions would be required to place 
crossovers or bridges at strategic locations to provide adequate access to these areas.  Providing these 
crossing structures will also impact the canal’s construction and maintenance costs. 

In summary, initial preliminary engineering issues for canals include the following: 

 Canal location – including environmental effects; 

 Canal shape; 

 Canal elevation; 

 Canal lining; 

 Sediment and erosion impacts; 

 Evaporation and seepage losses; 

 Surface water drainage impacts; 

 Crossing; and 

 Ability to acquire land.4 

2.8.1.6 Open Channels 
Alternative 1 includes modifications to Sand Creek and the East Fork to accumulate increased stream 
flows.  Alternative 2 includes Luce Bayou modifications to improve the carrying capacity for each existing 
open channel.  Open channels have many of the same issues as canals plus several others.  When 
considering using an existing channel, the main issue is the channel’s capacity.  In sections where 
insufficient capacity occurs, the channel would have to be modified, thus changing its hydraulic 
parameters. 

For Alternative 2, significant modifications to the existing Luce Bayou would be required including 
deepening and widening the cross-section and straightening the channel longitudinally to accommodate 
the projected water flows.   

Since the base flow in sections of the existing channel should (for Alternatives 1 and 2) increase when the 
channel is used for conveyance, channel stability must be investigated.  Resulting channel instability due 
to increased flows can lead to stream bank and bed erosion, and channel movement over time.  
Therefore, stream bank protection and flow control structures must be considered.  Channel movement 
from the system attempting to reach a dynamic equilibrium could affect future land acquisition. 
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Another issue for Alternatives 1 and 2 is how drainage would affect the channel during rainfall events.  
During a rain event, rainfall runoff to the channel would increase the water level.  Some control systems 
must be considered, so as flow and water level increase in the channel due to runoff, the pumps at the 
station would shut down to avoid flooding.  If flooding did occur with the pump station shut down, it would 
obviously be due only to the natural runoff from the rainfall event and not from the pump station’s 
contribution.  This monitoring/control system needs to extend the entire length of the open channel 
system so water surface elevations could be monitored at points along the channel to avoid being 
impacted by isolated rainfall events. 

When open channels are used, seepage and evaporation losses must also be considered, as mentioned 
above for canals.  There is less control over the bed and bank material in natural channels in terms of its 
hydraulic conductivity than for a constructed canal. 

In summary, initial preliminary engineering issues for canals include the following: 

 Environmental concerns impacting using and modifying existing channels; 

 Channel shape and hydraulic capacity; 

 Channel stability; 

 Evaporation and seepage losses; and 

 Surface water drainage impacts and monitoring. 

2.8.1.7 Sedimentation and Silt Control 
Water removed from the Trinity River and/or Lake Houston would contain suspended solids.  Immediately 
after discharging Trinity River water from the end of the pipeline section, prior to entering the open 
channel canal, a sedimentation basin will be used for silt and sediment control.  An energy dissipater at 
the pipe end will also be required.  

The sedimentation basin would be sized to allow quiescent flow so suspended and solids (silt and 
sediments that may range in grain size) will settle out, accumulating into the basin prior to water entering 
the canal.  This allows sediment removal in a single location rather than in a long canal or channel 
section.  The basin’s size and shape will be defined in subsequent project phases based on sediment 
load and characteristics and available land, etc.  

Periodically, sediment will be removed from the sedimentation basin.  Solids removal requires initial 
capital costs for equipment, ongoing operations costs for the labor and fuel to operate the equipment and 
maintenance for the equipment.  The solids, particularly sand, may have a commercial value to 
contractors in the immediate area; however, hauling costs from remote areas will negate commercial 
value resulting in additional operations and maintenance costs for hauling or additional land for placing 
the removed solids. 

The sedimentation basin will not remove all suspended sediments and solids.  Remaining solids would 
settle out from the water to the canal bottom over time.  Solids removal in canals also requires initial 
capital costs for the equipment, operations costs for the labor and fuel to operate the equipment, and 
maintenance costs. 

2.8.2 Preliminary Mechanical Issues 
Large capacity pumping stations can provide some mechanical challenges due to the size of the pumps, 
valves, piping, etc.  Preliminary mechanical issues focus on pumps, valves, and piping. 
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2.8.2.1 Pumps 
Issues to consider affecting design and cost with respect to the pumps include the following:  

 Pump type – mixed flow, axial flow, etc.: 

 Pump performance efficiency, and power usage at rated capacity and head: 

 Bearings and seals type: 

 Lubrication method; 

 Construction materials for pump casing, shaft, impeller, bearings, seals, base, etc.; 

 Pump and motor speed; 

 Hydraulics around intake; 

 Motor size and type; and 

 Availability.  

2.8.2.2 Valves  
Issues to consider affecting design and cost related to valves include the following. 

 Valve type – butterfly, gate, check, etc.; 

 Construction materials – valve body, stem, bearings, seals, etc.; 

 Pressure ratings; 

 If necessary, valves and settings type to control hydraulic transients; 

 Type, function, size, etc. for the valves used for pump control, their opening and closing speed, and the 
type of automatic actuator to be used with them (e.g., electric, electro-hydraulic, hydraulic with central 
accumulator); and 

 Availability. 

2.8.2.3 Piping 
Several issues affecting design and cost need to be considered with respect to the piping are as follows. 

Alignment – Design the alignment along the route and within the pump station site, especially the pump 
discharge lines and header, to assure flow is efficient and is not compromising the pipe’s strength and 
integrity. 

Pipe Stress Analysis – This needs to be considered, especially within the station where piping may not 
be buried with many bends, tees, fittings, etc. 

Corrosion Protection – Impressed current cathodic protection could be used where a power source 
exists.  In stretches where a pipeline may be in an isolated location and power may not be available, 
either other power sources or alternative corrosion protection methods need to be considered. 

Isolation Valve Placement – Consider the placement to allow maximum O&M flexibility.  Also place 
access points in the pipeline to allow manual or remote visual inspection, cleaning (e.g., pigging) and 
repair, if necessary. 

Placing Air Release, Air/Vacuum Valves – Valve placement needs to be considered to prevent air 
binding, control hydraulic transistors, and to facilitate filling and draining the lines. 
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Pipe Type – Although reinforced concrete cylinder pipe and steel is frequently used in this type of 
application, the selected alternative’s specific conditions must be examined in detail to determine the best 
pipe type to be used for each condition along the alignment. 

2.8.2.4 Availability from Manufacturers 
In addition to the above issues, using chemical feed systems at the pump station was considered for this 
analysis.  These include chlorine and sequestering or chelating agents.  Some of these may be used 
either in the pumped source water, or in the potable water and onsite sewage facilities system.  

2.8.3 Corrosion and Cathodic Protection 
Exposed materials corrode without proper protection.  All exposed equipment, piping, valves and other 
metals would be appropriately coated to protect these facilities from corrosion. 

Many petroleum/chemical product pipelines cross the alternative’s routes, and the water conveyance line 
would cross them.  Attention must be given to evaluating cathodic protection methods used by each 
product pipeline so the proper cathodic protection system is established for the water conveyance 
pipeline. 

2.8.4 Preliminary Civil and Site Issues 
The pump station would be located in a remote area, which presents challenges for site access and 
utilities.  In all cases, potable water would be provided by a well, since a public drinking water supply 
distribution system is not nearby.  For Alternative 5 and 6, the existing water supply would be used.   

Sanitary sewage disposal would be provided by a small aerobic system and drainfield, since a public 
sanitary sewer collection system is not nearby.  For Alternative 5 and 6, existing sewage disposal 
systems would be used. 

An access road would be required from the nearest public roadway to the pump station site.  An access 
road would also be required along the open channel’s entire length, including new canal and improved 
channels, to allow for maintenance equipment.  Existing county and state roadways will be used for 
access when practical.  An access roadway is also required paralleling the pipeline. 

A fire protection system would be required at the Capers Ridge site, since a public fire distribution system 
is not in the pump station’s vicinity.  Housing would also be required onsite due to the area’s remoteness.  
Drainage for the site would be required for each alternative. 

Alternative 1 would be located near FM 224, and access issues for the pump station site would not be as 
great compared with some alternatives.  However, an access roadway would be required for the entire 
length of the Sand Creek improvements.  The Cape Royale development is near the site; therefore, 
phone, cable and other communications may be considered nearby.  Housing plus water storage and 
pumping system for fire protection would be provided. 

Alternatives 2, 3, 3A, 4 and 4A include a pump station in a remote location.  An access road would be 
required from FM 1008 to the pump station site.  An access road would also be required along the canal’s 
entire length and improved Luce Bayou sections.  Water storage and pumping system for fire protection 
would need to be provided as well as housing along with associated utilities. 

Since Alternatives 5, 5A, 6 and 6A use the existing TRPS, access roadways to the pump station, utilities, 
fire protection system, and housing (see site visit dated July 19, 2006, in Appendix B).  Additional access 
roadways would be required for canal portions.  Site drainage already exists for these alternatives. 
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The main civil/site issues to consider for design and cost estimating are as follows. 

 Site layout must facilitate access to all areas and efficiently use space. 

 Design site drainage so runoff does not adversely affect water quality at the intake structure, and may 
consider alternative paving methods to reduce stormwater runoff. 

 Accessibility, building and structure elevations in relation to flood events.  Building, structure and 
equipment elevations need to be considered with respect to the 100-year flood elevation to assure the 
pump station and ancillary facilities continuously operate and are protected from flood waters. 

 Due to the isolated location for some alternative facilities, centralized water and wastewater services are 
not available.  Therefore, developing a potable water supply for use by operations personnel may need 
to be considered.  Consideration may also be needed for an onsite sanitary sewer facility and its effect 
on source water protection. 

 Protect the intake structure and prevent erosion from changes to the river’s flow path due to 
constructing the intake structure. 

 Contain and protect contamination sources at the pump station site, such as fuels and chemicals used 
at the site. 

 For alternatives with open channels or canals, bridges crossing the open conveyance would have to be 
constructed to provide landowners access to their land. 

2.8.5 Support Facilities Issues 
Support facilities around a pump station depend on how often the site is visited.  If a pump station were 
operated in the same manner as the existing TRPS, the new support facilities would need to 
accommodate staff 24-hours a day, 7-days a week.  These facilities should include at least a substantial 
pump station control room complete with offices for the staff, maintenance building and onsite 
residence(s).  For Alternative 5 and 6, the existing support facilities will be used. 

Besides the facilities surrounding a pump station, additional facilities would be needed at various 
locations along the pipeline or canal route.  The number and extent of these facilities depends on how 
often crews need to visit and maintain the route and on the route’s length.  If crews visit weekly or daily, 
then a building for offices and equipment storage would be needed.   

2.8.6 Pipe Cleaning and Sediment Control 
Two potential problems have been identified which could impede water flow through LBITP’s piping 
system.  The first possible problem is sand.  The Trinity River is a dynamic, low-gradient coastal plain 
river which actively transports large sand and sediment quantities during flood events.  While some 
methods will be used at the pump station to remove sediment, some sediment and sand are anticipated 
to pass through the pumps and enter the piping system.  Over time, the sand and sediment may settle in 
the pipe, adversely affecting the pipe friction and cross-sectional area.  Asiatic clams (Corbicula fluminea) 
and zebra mussels (Dreissena polymorpha) could also become a concern in the LBITP piping system.  
These organisms have been known to attach to pipe system walls and clog the raw water transmission 
systems.  This organic buildup will have a similar effect as sediment buildup on the pipe friction and 
cross-sectional area losses within the pipeline.  

Due to the possibility of organism infiltration and sediment buildup, a pipeline pigging system is included 
as part of the design and cost estimates for the pipeline alternatives.  A typical pigging system entails 
launching a hydraulically or pneumatically propelled flexible polyurethane foam pad or disc called a pig 
through a pipeline.  The pig is typically sized to be slightly larger than the carrier pipe.  See Figure 2-34 
for a typical pig style used on a larger diameter pipeline.  This pig style includes a steel barbell with two 
epoxy-coated polyurethane foam discs on each end.  Due to the epoxy coating, the pigging disks will not 
absorb water, which reduces its overall weight.  For a pig this size, water absorption is a concern because 



2-74 

Environmental Impact Statement 
Luce Bayou Interbasin Transfer Project October 2012 

a water-logged disc can dramatically increase the pig’s overall weight and create a significant problem for 
pig removal after completing the pipe cleaning.  The discs on each end of the pig would be replaced after 
it is retrieved from the pipe. 

Incorporating a pigging system will entail integrating a launching station and a retrieval station into those 
alternatives using large-diameter pipe.  To operate the system, a pig is inserted into the launching station.  
The launcher is then closed, and the pressure within the pipeline is used to push the pig through the pipe 
until it reaches the retrieval station.  After constructing the pipeline, an initial pipeline pigging will be 
performed.  During the initial pigging, a benchmark determining optimal flow in the pipelines will be 
determined.  The system can then be monitored to determine when future pigging will be necessary.  The 
pipeline is anticipated to require cleaning every time the flow reaches an allowable loss or threshold as 
determined by the operator.  Based on information provided by large-diameter pig manufacturers, pigging 
cleanings are recommended at least once every three years, although more frequent intervals may be 
necessary.  

After investigating the pigging process, two preliminary launch structures were identified and are shown in 
Figure 2-35.  The first launching station option includes an inline launch station with a removable 
launching barrel to load the pig.  The second option includes a launch station which is offset from the 
pipeline either horizontally or vertically.  This station is designed to bypass flow through the offset 
chamber to launch the pig.  After investigating the costs associated with fittings and valves on large-
diameter pipelines for this arrangement, this second option appeared to be less economically viable when 
compared to option one.  Catching stations or basins would also be required and would be similar to the 
launching station, but would include a flow bypass.  Each launching and retrieval station will need to be 
equipped with a crane or have available access for a mobile crane to load and unload the pig within the 
pipeline.  An onsite storage facility at the launching stations shall be provided to house the pig and any 
other equipment necessary for operation. 

The dual 108-inch diameter pipelines will require pipeline launching and catching stations on both lines.  
Due to the pig’s design, any valves between the launching station and the catching station must also 
completely clear the pipe’s cross-sectional area to allow the pig to pass through the pipeline.  This would 
prohibit using the butterfly style values between the catching and launching stations, which limits the 
number and location of butterfly valves that can be used on the project. 
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Figure 2-35: 
Preliminary Engineering Report (2011) 
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2.8.7 Structural Issues 
As previously noted, the CRPS and intake structure would likely be constructed from reinforced concrete.  
The foundation’s design for the pump station and intake structure must be closely coordinated with the 
recommendations included in the geotechnical investigation report.  Existing soil types, construction 
methods, structural surroundings, and environmental issues are additional items of concern to be closely 
reviewed during subsequent project phases.  Load-bearing slabs and piles could be considered for a 
foundation supporting the structure, with construction methods dictating a large portion of the foundation’s 
design.   

2.8.8 Preliminary Electrical, Instrumentation and Communication Issues 
Power supply is addressed in the following section.  Onsite electrical and instrumentation would be 
common to all alternatives. 

A Supervisory Control & Data Acquisition System (SCADA) system would be required to assure proper 
operations for the entire system.  Operational conditions along the pipeline, canal and channel, and at 
Lake Conroe, Lake Houston, NEWPP and the pump station would be collected and shared to allow 
operators to make decisions regarding pump station operations.  These systems can use radio or phone 
lines for communication systems.  These systems also are vulnerable to security for public water supply. 

2.8.9 Power Supply Issues 
The pumps required for a pump station the size contemplated for CRPS have large power requirements.  
A secondary power source should also be planned.  As the Applicant discovered during Hurricane Rita, a 
power supply could be easily cut off for days during and after a major storm event, while customers’ 
demand for potable water climbs immediately after the storm passes. 

Power supply at TRPS is adequate for this project’s estimated loads excluding provisions of electrical 
power redundancy at the existing TRPS.  A secondary feed to the pump station was recently completed.  
Additional power would not be required for Alternatives 5, 5A, 6 and 6A.  However, costs to provide for 
power redundancy at the TRPS has been variously estimated at cost ranging from $5 to $15 million 
depending on the alternative selected (KBR 2003). 

Power supply to CRPS for Alternatives 2, 3, 3A, 4 and 4A would require extensive effort, but Sam 
Houston Electrical Cooperative (SHECO), the utility provider in the area, has been contacted, and their 
representative indicated transmission service to the CRPS site could be provided.  For the LBITP, 
required transmission service load is estimated at 5 mega volt amperes (MVA) by 2017 and 9 MVA by 
2027.  [Note To convert from MVA to kVA, multiply by 1,000].  Based on preliminary analyses provided by 
SHECO, there is existing available supply on L-870 without the need for additional line upgrades.  The 
preferred dual source option is to construct a double circuit from the CRPS to the 138 kV transmission 
line approximately 8.4 miles north of the proposed LBITP property and north of and parallel to SH 321.  
Two additional alternative routes could also be used if a secondary, redundant power supply is needed. 

After receiving the information, SHECO would scope the project which includes the following. 

 A permit from the Public Utility Commission is required. 

 Certificate of Convenience and Necessity (CCN) is required. 

 The CCN process would be provided by SHECO with occasional input from the customer. 

 SHECO would provide three routing options to the Public Utility Commission. 

 All landowners within 300 yards would have one year to voice their opinions on the routing. 

 An open-house would be held for information and public questions. 
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SHECO would be responsible for all soil samples for power poles required, routing dual feed transmission 
lines from existing line to the proposed substation, and upgrading substation if needed.  The dual feed 
transmission lines would be routed from an existing transmission line within a 100 foot right-of-way to a 
new substation on one path of power poles elevated 70 to 90 feet above the ground surface, unless told 
to do otherwise.  If feeders are requested to be routed individually, requiring two separate paths, the 
customer must inform SHECO about the required separation distance. 

 SHECO would perform capacity study on existing transmission line. 

 Applicant must sign contract with SHECO to provide these services. 

Timing the process for getting a transmission line to the new site is crucial with this project.  The CCN 
would take approximately 18 months.  Right-of-way procurement would take approximately 18 months 
and design would take 6 months.  Construction would take about 12 months (6 months for the substation 
and 12 months for the 8.4 miles of transmission line).  This means the total time from planning through 
construction should be about 3 years.  However, this schedule could also be affected by material 
procurement and delivery. 

The overall cost to provide power to CRPS would be approximately $9,850,000, excluding point of 
delivery construction costs that may be as much as $2 million (Power Engineers 2010).  This estimate 
includes the substation at approximately $3.6 million and 8.4 miles of dual feed, transmission line at 
approximately $6.25 million (in 2010 dollars).  The overall cost would increase substantially if two different 
transmission line sources are required.  It appears the cost for the line itself would be greater than 
$744,000 per mile.  These costs do not include source costs for point of delivery, although these costs 
can be as high as $2 million or more per point of delivery depending on the amount of work required.  
Power redundancy provisions at the TRPS (Alternatives 5, 5A, 6, and 6A) would cost between $5 million 
to $15 million depending on the option (recommended option is approximately $10.5 million; KBR 2003). 

Alternative power sources considered are additional second power lines from a separate power source, 
onsite diesel or natural gas generators, and possibly other sources. 

Power supply for Alternative 1 would be similar to that described for Alternatives 2, 3, 3A, 4 and 4A. 

2.8.10 Site Access Issues 
Most alternatives are in rural areas of Liberty County, where site access is minimal or non-existent.  
Roadways would have to be built to maintain access to any alternative during construction and afterwards 
during operation.  Considerations when designing the access roads include the road locations (multiple 
access points are needed along each water conveyance route), the vegetation type needing to be cleared 
in the process, whether or not the vegetation needs to be replaced elsewhere, floodplain, drainage and 
roadway surface type (heavy machinery would be traveling on these roads during construction and facility 
operation).  The ROW would also need to be purchased to accommodate the new roadways. 

2.8.11 Potential for Contaminated Areas 
Prior to property acquisition, to identify areas with potential contamination caused by past chemical or 
pollutant releases, a detailed Environmental Site Assessment (ESA) would be conducted in accordance 
with American Society for Testing and Materials (ASTM) Standard:  E 1527-06 Standard Practice for 
Environmental Site Assessments:  Phase I Environmental Site Assessment Process. 

2.8.12 Potential Construction Issues 
A preliminary constructability analysis for each conveyance system routing/alternative was performed.  It 
focused on the logistical, environmental, terrain (site conditions), utilities, public disruption, specialty 
construction and easily discernible capital cost impacts on actually executing the conveyance and facility 
system construction. 
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While many identified constructability issues are common to each conveyance system’s routing, 
significant differences exist regarding quantity of constructability issues associated with certain 
conveyance system alternatives.  Constructing pumping, maintenance and housing facilities would share 
many of the same conveyance system constructability issues.  Constructability issues for all or some 
alternatives are listed below.  Some constructability issues identified may be mitigated (one time impact) 
while others may not. 

 Remote project site 

 Limited existing site accessibility 

 Haul road construction and maintenance 

 Existing utilities including telephone, power, potable water and sanitary sewer systems 

 Communication 

 Weather (i.e., rain and flooding) 

 Material and equipment storage area(s) 

 Material lay down/staging area(s) 

 Site security 

 Environmental constraints 

 Construction in lake or river 

 Critical public/private roadway crossings 

 Wetland type floodway/floodplain construction (site dewatering for pipeline construction) 

 Site drainage 

 Cedar Bayou crossing 

 Pipeline crossings 

 Southern Pacific Railroad crossing 

 Community disruption or dislocation 

 Existing pipeline utility easement area use 

 Overhead power lines 

 Housing development proximity 

As previously noted, some of the above identified constructability issues may be mitigated while others 
may not.  Mitigation is defined as the total or near total elimination, prior to commencing work, of a 
constructability issue impacting the Contractor’s ability to perform or complete the work.  Mitigation also 
involves permanently (with some exception) installing or constructing the mitigating utility or facility.  The 
following route/alternative constructability issues may be mitigated. 

 Common conveyance systems constructability issues 

 Limited existing site accessibility 

 Existing utilities including potable water and sanitary sewer systems 

 Temporary material staging and storage/lay down areas 

 Sufficient test and calibration equipment 

 Communication 

 Multiple critical/private roadway crossings 
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2.8.13 Project Security Issues 
It is important to determine the security risks associated with conveying a public water supply.  
Contamination through biological agents is a concern in open water situations such as canals or 
channels.  At roadway and other crossings along these routes, the raw water from the Trinity River could 
be contaminated.  In addition, the pipeline alternatives would have various access points along the routes 
intended for O&M, which also have the potential for access by individuals whose actions may affect the 
pipeline conveyance and water supply.  Source protection issues must also be defined.  In addition, if 
water were contaminated and transported to the lake or the water treatment plant, a series of tests and/or 
studies would become necessary to determine the impact on the treatment process. 

In terms of citizen safety, installing fencing surrounding the canal would be necessary to prevent 
accidental drowning.  However, if project portions were to be natural areas frequently visited by the 
public, alternative site security issues would have to be addressed.   

Controlled access around pipeline valve boxes or other pipeline access ports would be necessary to 
prevent possible vandalism on the Applicant’s property where the pipeline is exposed.  Pipeline ROW 
encroachment and unauthorized work on the ROW including using equipment which may impact the 
pipeline are concerns which would require fencing and possibly other security measures. 

2.8.14 Pipeline, Utility, Highway and Railroad Issues 
The potential pipeline, utility, highway and railroad crossings must be considered along pipeline and canal 
routes, because they could necessitate additional funding for adjustments or rerouting. 

Most petroleum/chemical product pipeline companies have developed design and construction standards 
for crossing their lines.  These may include piping material type, clearances, backfill, construction 
installation methods, etc. for water lines crossing their facilities.  These pipelines can generally be 
accurately located through either exploratory excavation or probing.  For crossings with open channels, 
the primary issues would most likely be clearances from bottom of canal to pipe, fill amount on top of the 
pipe, pipeline personnel access across a canal, etc.   

Private utilities (such as telephone, cable, etc.) generally do not keep accurate records on their 
infrastructure’s location.  Field location is general unless considerable exploratory excavation is 
completed.   

Local municipalities, special districts or other utility providers control public utilities (e.g., gas, water, 
sewer, etc.).  Field location is usually general, and the infrastructure can often be worked around or 
relocated. 

Roadway crossing conflicts would need to be coordinated with TxDOT, Liberty County, Harris County or 
other appropriate governmental agency responsible for the specific roadway.  Crossings with pipeline 
would most likely require trenchless construction in TxDOT ROW and potentially in county ROW.  Liberty 
County has traditionally held most of its roadways in prescriptive easements.  Crossings with a canal 
require more extensive construction efforts, which may include culverts, bridges, siphons and other 
structures.  Considerable time would be devoted to addressing concerns about the various entities and 
obtaining permits and other approvals as needed.  Railroad crossings also require permitting, and may 
require a cased tunnel with proper clearances.  Considerable schedule time would be devoted to 
addressing railroad company concerns, because their permitting process will take months to complete. 

2.8.15 Potential Land Acquisition Issues 
Liberty County has traditionally been a farming community with timber production and oil and gas 
development.  As such, limited residential and commercial developments are in the area.   
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Historically, land has been inexpensive in Liberty County and to some extent land may also be relatively 
inexpensive in the eastern part of Harris County in Lake Houston’s vicinity.  Growth projections; however, 
indicate residential and commercial development in the areas would occur from Houston’s overall 
expansion and growth.  Therefore, land prices in the area are expected to rise (e.g., approximately 
7,400 acres of land including a portion along Luce Bayou recently sold for approximately $18 million, or 
about $2,500 per acre).  For this report, a $1,800 per acre land cost was used due to the smaller land 
tracts anticipated to be required. 

Acquiring property for the canal may require more effort, particularly from property owners who may be 
impacted by lack of access due to the canal construction.  Acquiring pipeline ROW would pose similar 
issues, although access across a ROW would be less problematic. 

2.8.16 Capital Construction Cost 
An earlier Luce Bayou project was used as the basis for capital construction costs.  The plans originally 
completed by KBR were obtained, and material takeoffs were completed for the project defined in the 
plans.  Updated material, equipment and other construction prices using 2014 dollars were obtained from 
various sources including means estimating guides, recent bid tabs, and conversations with contractors to 
develop an opinion of probable construction cost.  Costs associated with the pump stations, open 
channels and pipe lines were developed as a probable unit price for each.  These unit prices were then 
applied to the estimated quantities for each identified alternative to arrive at an opinion of probable 
construction cost. 

The key issues with construction costs are as follows: 

 Worldwide demand for raw materials, finished materials, equipment, etc.; 

 Labor shortages; and 

 Long-term survival for piping and equipment businesses. 

2.8.17 Present Worth Value Discussion 
The present worth value for the various alternatives is shown in Table 2-5 below.  The opinion of 
probable construction costs are taken from the Present Worth Value Analysis.  The land and mitigation 
costs are rounded off from the values also taken from the Present Worth Value Analysis.  Engineering, 
financial and legal costs were estimated to be 25 percent of the total costs for construction, land and 
mitigation.  The total capital costs include the opinion of probable construction costs, land costs, 
mitigation costs and engineering, financial, and legal costs.  The total capital costs were annualized over 
five different periods – 20, 30, 50, 75 and 100 years. 

Annual power costs are taken from the Pump Power Costs table.  Annual canal maintenance costs were 
taken from the Canal O&M Costs summary.  Annual pipeline maintenance costs were estimated at 
1 percent of the construction costs.  Total annual costs include power, canal and pipeline maintenance 
costs.  The present worth value for the capital and annual costs were determined over 20- and 30-year 
periods.  Costs are shown below in 2012 and 2014 dollars. 

2.8.18 Preliminary Operation and Maintenance Issues 
A summary with O&M issues and associated costs is found in the Appendix C.  The summary for 
preliminary O&M issues is based on information from various resources primarily including the Applicant’s 
staff at the TRPS operations. 
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Table 2-5:  
Present Worth Value Analysis 

2012 Dollars  2014 Dollars 
Capacity = 400 MGD 
Interest Rate = 0.06 
Inflation Rate = 0.03 

 Capacity = 400 MGD 
Interest Rate = 0.06 
Inflation Rate = 0.03 

Alternative Construction Costs  Alternative Construction Costs 
1 $232,840,198  1 $247,020,166 
2 $191,048,367  2 $202,683,213 
3 $208,959,152  3 $221,684,764 
3a $214,929,413  3a $228,018,615 
4 $561,204,579  4 $595,381,938 
4a $1,122,409,159  4a $1,190,763,877 
5 $423,888,565  5 $449,703,379 
5a $859,717,654  5a $912,074,459 
6 $465,680,396  6 $494,040,332 
6a $794,044,777  6a $842,402,104 
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Figure 2-36: 
Construction Costs 

 



2-83 

Environmental Impact Statement 
Luce Bayou Interbasin Transfer Project October 2012 

Figure 2-37: 
O&M Cost 

Major issues pertaining to the pump station O&M include the following: 

 Routine maintenance for pumps, valves and actuators (see Photograph 2-1); 

 Cleaning bar screens (see Photograph 2-2); 

 Cleaning the sedimentation basin (see Photograph 2-5); and 

 SCADA system – monitoring and maintenance. 

Additional information regarding the pump station and canal O&M could be seen in detail during the 
July 19, 2006 site visit, see Appendix C. 
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Photograph 2-1:  

Coastal Water Authority's Trinity River Pump Station (TRPS) 

Pump station intakes, pump lubrication is performed every two hours 
daily to keep the pumps operating smoothly. 

 
Photograph 2-2:  

Bar Screens at the Trinity River Pump Station (TRPS) 
 

Bar screens are near the pump intake and are cleaned daily. 



2-85 

Environmental Impact Statement 
Luce Bayou Interbasin Transfer Project October 2012 

Major issues pertaining to the O&M for a canal include the following: 

 Mowing maintenance berms continually for eight months a year (see Photograph 2-3); 

 Clearing vegetation from siphon screens once each week (see Photograph 2-4); 

 Clearing vegetation from canal as needed; 

 Inspecting, maintaining and repairing breeches along the berms; 

 Employees to perform these tasks; 

 Equipment purchase and regular maintenance; and 

 Valve exercise. 
 

 
Photograph 2-3:  

Applicant’s Existing Canal 

Mowing occurs weekly during peak months (March through October).  
Notice canal walls eroding; repairing banks is often necessary and is 
performed regularly. 
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Photograph 2-4:  

Bar Screens at the Applicant’s Canal 

Weekly siphon screen cleaning is required at the Applicant’s canal.  
Vegetation buildup can slow down the water and cause siphons to clog 
and water to back up.  Backhoes are used to remove vegetation. 

 
Photograph 2-5:  

Settling Basin Downstream from TRPS Intake 

Directly downstream from the pump station intake, at the beginning of 
the Applicant’s canal, is a settling basin which keeps silt in the canal at a 
minimum.  It has to be dredged yearly using large machinery, and 
requires disposal for large volumes of dredged material. 
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Major issues pertaining to pipeline O&M include the following: 

 Periodically inspect pipeline to ensure no water loss along route; 

 Periodically clean pipeline to remove obstructive deposits within the line; 

 Mow maintenance ROW; 

 Employees to perform these tasks; and 

 Equipment purchase and regular maintenance. 

Major issues pertaining to the O&M for an open channel include the following: 

 Periodically inspect channel to clear debris from bridges and culverts (see Photograph 2-6); 

 During a storm event, pump station operator must be aware of potential for flooding downstream, and 
shut down the pumps if conditions are threatening; 

 Mow maintenance ROW; 

 Clear fallen trees; 

 Employees to perform these tasks; and 

 Equipment purchase and regular maintenance. 

 
Photograph 2-6:  

Luce Bayou at SH 321 

Debris removal at bridges and culverts requires large maintenance 
equipment and disposal for material removed. 
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2.8.19 Summary for Alternatives’ Construction Costs 
After gathering data associated with Alternatives 1 through 10 and reviewing the details, from an 
engineering perspective it is evident all alternatives are technically feasible.  Estimated 2014 construction 
costs (Table 2-5) for Alternatives 1, 2, 3 and 3A are $247,020,166; $202,633,213; $221,684,764, and 
$228.018.615 respectively.  These costs are lower compared to Alternatives 4 through 6A at costs that 
range from $595,193,938 to over $1.1 billion.  

2.9 Alternative Evaluations 
2.9.1 Issues Concerning Project Purpose and Need 
In this analysis, it is assumed all build alternatives meet the basic purpose for the proposed project 
(Section 1.1.3.1).  The analysis also assumes using water rights in the Trinity River basin is part of the 
project purpose.  All alternatives would convey water to Lake Houston from the Trinity River basin using 
the Houston’s water rights. 

2.9.2 Issues Concerning Practicability 
The practicability concept includes considering existing technology, logistics and cost to implement an 
alternative.  Table 2-1 defines the criteria for these considerations. 

2.9.2.1 Existing Technology 
This criterion includes requiring an alternative to be practicable with respect to existing technology.  
Among other things, it must reasonably achieve site access for construction and O&M.  For alternatives in 
floodplains and flood ways, the FEMA flood hazard maps were provided which indicate during flood 
events, parts of these alternatives’ ROWs will likely not be accessible until flood waters recede.  While the 
risk of adverse effects to water pipelines is generally very low, the consequences of pipeline rupture or 
significant water loss during a flood event are very high.  From the Applicant’s perspective, it is 
undesirable to accept the risk and develop water conveyance through floodplains.  While all alternatives 
have some floodplain development, the least floodplain development is associated with the Applicant’s 
Preferred Alternative (Alternative 3A) (Figure 2-21).  From this standpoint, Alternative 3A is considered, 
from the Applicant’s perspective, to be more practicable than any other alternative. 

2.9.2.2 Logistics 
This criterion includes the requirement that to be practicable the alternative must not pose difficult to 
overcome constructability issues.  This includes difficulties with high-risk (contaminated) soils, soils which 
pose special construction problems such as saturated conditions and similar issues.  Alternatives 4, 4A, 
5, 5A, 6 and 6A pose either or both saturated and the potential for contaminated soil conditions when 
compared with the Applicant’s Preferred Alternative.  

Another logistics dimension is the potential for displacing residential or other development, or posing 
economic problems for farming or natural resource exploration land uses.  Alternatives 6 and 6A would 
create the potential for the greatest land use impacts including proximity to residential areas, farmland 
impacts, and impacts to park lands (Eisenhower and Deussen Park).  Alternatives 4 and 4A pose 
significant effects to farmlands from a physical standpoint (land loss), from an income standpoint and 
from a tax revenue loss standpoint.  A detailed analysis was made by alternative for farm income to 
producers foregone and tax revenue foregone.  Farm income also includes timber production income.  
The results indicate the most adverse impacts to farm and agricultural income are associated with 
Alternatives 2 with an average 17.2 percent reduction in income for all counties affected by the 
alternative; and 6 and 6A with a 24.2 percent reduction.   
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The percentages reflect the total yearly net income to producers foregone with ROW acquisition.  The 
Applicant’s preferred alternative, by contrast, results in a 5.8 percent loss, while Alternative 4 and 4A 
realize less than 2.5 percent losses.  With respect to foregone tax revenue, alternatives annual tax 
revenue losses would be as follows: the Applicant’s Preferred Alternative – $6,015; Alternative 4 – 
$125,000; Alternative 4A – $843,000; Alternative 5 – $101,000, Alternative 5A – $819,000, Alternative 6 – 
$277,391 and Alternative 6A – $1,366,086.  

In addition to these consequences, all alternatives south of Alternative 3A are in the more populated 
areas.  For facilities like public water supply conveyance, the more remote locations or routings are 
preferable, because risks to the conveyance itself and to the exposed supplies in canals are less 
susceptible to purposeful or inadvertent human impact. 

Per these logistics, the Applicant determined Alternative 3A is the more practicable alternative. 

2.9.2.3 Cost 
The cost criterion indicates the cost to bring a similar conveyance facility online should compare with what 
other municipalities have paid for similar systems (analysis for this is still in progress). 

According to the Applicant’s cost estimates for each alternative, the most practicable alternative is 3A, 
since it is two to three times less than the cost for the other build alternatives located to the south of 
Alternative 3A (Alternatives and variations 4 through 6). 

2.9.3 Alternatives and Aquatic Resource Impact Comparisons 
No alternative conveyance route would avoid any impact to wetlands or waters of the U.S., including 
wetlands.  Each conveyance route evaluated contains these special aquatic sites.  Any proposal to locate 
a conveyance pipeline or canal on any alternative route would therefore involve impacts to the aquatic 
ecosystem, and would raise the same permitting concerns as the Applicant’s preferred route.  In the 
evaluation conducted, neither the USACE nor the Applicant has identified a contiguous conveyance route 
in the study area which is completely within uplands. 

The absence of a suitable upland route required analyzing numerous alternatives, and each presents its 
own environmental issues.   

 Alternative 6 would impact the fewest wetland-acres (59-wetland-acres) and permanently affect an 
estimated 3,159 linear feet of streams.  It would also require 145 acres of permanent impacts to 
bottomlands, and 112 acres of permanent effects to floodplain areas, of which 25 acres would be 
located in the Cedar Bayou floodplain.  In addition, this alternative would permanently remove about 
145 acres of vegetated areas, which combine upland and wetland areas important as buffer for 
intermittent streams and larger perennial streams such as Cedar Bayou. 

 Alternative 4 impacts to 66-wetland-acres and Alternative 6A impacting 96-wetland-acres are two other 
routes which would cause fewer impacts to aquatic resources than the Applicant’s preferred alternative.  
However, these alternatives’ impacts to waters of the U.S., including wetlands and to other 
environmental resources (bottomlands, floodplains, and vegetated stream buffer areas) exceed 
Alternative 6’s effects. 

 The impacts to aquatic resources from Alternatives 1, 2, 3, 5 and 5A exceed those of the Applicant’s 
Preferred Alternative (Alternative 3A) in virtually every aquatic resource category considered during this 
analysis.  Alternative 4A would realize fewer wetland and stream course impacts as 3A, although it 
would still affect an estimated 145-wetland-acres and almost 5,000 linear feet of streams.  It would also 
have over twice the bottomland effects, almost seven times the floodplain effects, and almost twice the 
effect on vegetated buffer areas as Alternative 3A.   
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 Alternatives 1, 2, 3, 5, 5A and 4A are dismissed from further analysis based on environmental impacts 
which are additional to the direct effects on special aquatic sites.  

 Alternatives 4, 6 and 6A are similar in their adverse effects on aquatic resources:  they all impact fewer 
wetlands than Alternative 3A.  While almost 16,000 linear feet of streams are shown as an Alternative 
3A impact, the actual unavoidable adverse impact is to 1.67 acres of the Trinity River (at the CRPS) and 
0.18 acre of natural drainages.  Most stream impacts are to manmade farming irrigation conveyances 
constructed through uplands (DESCO, March 2010).  By contrast, the potential unavoidable adverse 
impact to streams from Alternatives 4, 6 and 6A would involve natural stream channels, which amounts 
to several thousands of linear feet of streams for each alternative. 

 Alternatives 4 and 6 would be located through five bayou floodplains, the largest of which would be the 
Cedar Bayou floodplain.  While Cedar Bayou watershed’s upper areas have been heavily affected by 
agricultural production since the 1940s, which takes full advantage of the rich, prime farmland soil in 
these areas; watershed portions between FM1960 and several miles south of US90 remained in dense 
wetland forest as late as the mid-1960s.  Since then, forested floodplain at this location has been 
incrementally removed through logging, agricultural expansion, oil and gas development, industrial and 
commercial development and other urban (residential) land uses.  One reason why Alternative 6 affects 
few wetlands and riparian buffer vegetation is because these areas no longer exist to be affected.  As a 
result, the aquatic resource acreage to be traversed by Alternative 6 represents a measurable portion of 
the remaining forest resources in this part of Cedar Bayou.  Due to losing these resources, and as 
described earlier in this section, the Cedar Bayou’s remaining natural areas are under scientific study in 
light of this watershed’s ecological contribution to upper Galveston Bay and the potential for restoring 
instream aquatic life to sustainable levels (HGAC, 2012).  Further development in this watershed at this 
location would likely contribute to the cumulative adverse impacts already affecting Cedar Bayou. 

 An environmental advantage for Alternative 3A is its location outside the Cedar Bayou watershed.  It is 
situated at the edge of thousands of acres of forested wetlands in the Luce Bayou, Tarkington Bayou, 
and the East Fork watershed areas.  Due to its location, the wetland impacts from Alternative 3A 
represent a comparatively small percentage of existing wetlands in the affected watershed.  Most of 
Alternative 3A traverses wetlands which have been adversely affected by agricultural operations 
including roadway impacts, forest management ( timbering practices),  drainage projects, and other 
activities.  These impacts have led the habitat analysis of the Harrison tract mitigation area to conclude 
that that the mitigation tract wetlands have higher quality wetlands which have greater Social and 
Ecological significance than wetlands located within the 3A right of way.( Crouch, 2012).  

 An empirical assessment of the wetland values within the Alternative 4 and Alternative 6 rights of way 
was not performed.  However, it can be discerned from aerial mapping that these alternatives traverse 
high quality wetland areas as well as wetlands within areas affected by both agricultural and urban land 
use practices .These alternative’s locations through the Cedar Bayou riparian areas would contribute to 
the ongoing reduction of wetland resources in this watershed with Alternative 6 affecting a greater area 
(44 ac.) of bottomlands compared to Alternative 4’s bottomland  impacts ( 4.0 acres). 

 It should be noted that prime farmland impacts of the Alternatives were quantified.  Of the three 
Alternatives selected for detailed analysis, Alternative 3A would impact about 141 ac. of prime farmland 
while Alternative 4 impacts 156 ac, and Alternative 6 would remove almost 300 ac.  All other build 
alternatives would remove significantly more prime farmland than these three Alternatives except for 
Alternative 1 which would affect only 25 ac. 
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 The Trinity River pump station (TRPS) and a portion of its conveyance facilities are potentially subject to 
both wind and storm surge effects because of their proximity to Galveston Bay and coastal areas.  
Alternatives 4, 3, and 3A would likely not experience storm surge effects.  Should the TRPS be 
adversely affected by storm impacts, having pumping operations located at Capers Ridge would likely 
prove to be an essential back up.  In this respect, redundancy in the system which provides the large 
volumes of water necessary for Houston metropolitan residential, commercial, and industrial customers 
appears to reinforce system reliability. 

2.9.4 Reasonable Alternatives 
From the aquatic resource perspective, Alternative 6 would cause the least damage to wetlands while 
Alternative 3A would cause the least damage to streams.  However, on the basis of the measures used 
for comparing aquatic resource impacts, Alternative 6 appears to cause the least direct damage to 
aquatic sites overall.  

Alternative 3A has advantages as a site for a water conveyance facility including its remote location and 
lack of adjacent development, which would help provide a secure setting for the canal and related 
features.  Water from the Trinity River at about 108 feet above sea level to Lake Houston at 
approximately 40 feet above sea level can be conveyed about a 20-mile distance using gravity flow, a 
low-cost, low-maintenance, well-understood and energy-efficient technology.  Contrast gravity flow with 
electrical-powered pumps and the power demand needed to transmit water up to 450 MGD.  The 
proposed gravity water conveyance would also generate fewer air emissions and use less electricity over 
the long term than any other alternative.  The logistics for constructing a conveyance facility, the costs for 
construction, implementation, and long-term maintenance favor the Applicant’s Preferred Alternative.  By 
contrast, Alternative 6 is estimated to be over two times as expensive to build as Alternative 3A (almost 
$500 million versus $228 million). 

Alternative 3A would allow placing a significant acreage (2,983 acres) of land and water areas adjacent to 
Trinity River’s west bank and contiguous to a portion of Alternative 3A’s pipeline alignment along Caper’s 
Ridge into conservation.  This acreage has been under various degrees of consumptive use including 
cattle grazing, sand mining, logging, oil and gas exploration and hunting, with the landscape and 
hydrology being significantly altered to increase the property’s agricultural value.  In areas, the property 
has been mowed, cleared and logged, and drainage structures have been constructed to alter the local 
hydrology to increase the land’s value for agricultural and related purposes and to facilitate equipment 
access.  Some activities have continued for decades, but would cease entirely if the Applicant’s Preferred 
Alternative were implemented (except oil and gas activities allowed by the property’s mineral leases 
would be permitted by prior agreement).  The resource agencies think this land tract would be 
environmentally advantageous, because the existing habitat values for this tract are desirable for 
conservation purposes (TPWD, USFWS, EPA 2006).  

Under the conservation approach proposed, the property would be preserved in perpetuity which would 
remove the threat from consumptive land uses on the property and the potential threat from future 
development.  A habitat evaluation (HEP) study completed for this tract indicates the tract would provide 
a net gain of habitat units over the 50-year analysis period, when compared with the habitat units lost by 
constructing Alternative 3A (Crouch Environmental Services Inc. [CESI] 2012). 

Alternative 4 is estimated to impact 66 acres of wetlands and more than 4,000 linear feet of waters of the 
U.S., including wetlands.  Due to the low number of aquatic resource effects realized with this alternative, 
Alternative 4 will be carried forward into detailed analysis in this DEIS in Chapters 3 and 4.  The No 
Action Alternative will also be analyzed in detail. 

Alternative 6 appears to present an opportunity to utilize existing facilities located at the Trinity River 
Pump Station and would could  avoid new impacts to the Trinity River.  It is also the shortest alternative 
from the routing standpoint.  Because of these features and the relatively low acreage of wetland impacts 
this Alternative will be evaluated in more detail in subsequent sections of this DEIS. 
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Alternative 4 would also realize a low number of wetland impacts and would traverse through mostly 
agricultural land uses.  Because of these features, it will also be evaluated in more detail in this DEIS. 

Alternatives 3A, 4, 6, and No Action will be analyzed in detail in subsequent DEIS sections.  Given the 
available information to date, Alternative 3A is currently the USACE’s Preferred Alternative as it has been 
shown to cause the least damaging effects if all dimensions of aquatic resources are taken into account 
including floodplain effects, impacts to vegetation, and impacts to bottomland resources, and 
consideration of the habitat value of the wetlands to be affected by this Alternative. 

2.9.4.1 Alternatives Not Carried Forward into Detailed Analysis 
 Alternative 1 causes the greatest adverse effects to the aquatic ecosystem.  Implementing it would 

cause almost 1,000-wetland-acres loss, and would inundate or cause to be filled about 393,000 linear 
feet of waters of the U.S., including wetlands.  It also would adversely affect bottomland resources 
(486 acres); floodplains (1,913 acres) and remove or inundate 1,918 acres of vegetation important for 
wetland protection. 

 Alternative 2 would adversely affect 280-wetland-acres and would fill or inundate 147,640 acres of 
waters of the U.S., including wetlands, 1,224 acres of floodplain resources, and would remove 
835 acres of vegetation important for wetland protection. 

 Alternative 3 would impact 275 acres of wetlands, and inundate/remove about 37,000 feet of perennial 
stream (Luce Bayou); impact over 193 acres of floodplain and remove or inundate 284 acres of 
vegetation important for wetland protection. 

 Alternative 4A is eliminated from detailed consideration, because it would impact 145-wetland-acres, 
4,438 feet of streams, 363 acres of floodplains including 30 acres of floodplain in the Cedar Bayou 
floodplain, and remove 293 acres of vegetation important for wetland protection. 

 Alternative 5 is eliminated from detailed consideration due to its impact on 142-wetland-acres, 21,662 
linear feet of waters of the U.S., including wetlands,13 acres of bottomland resources, and 196 acres 
floodplains including 27 acres of the Cedar Bayou floodplain. 

 Alternative 5A is eliminated from detailed analysis due to its impact on 222-wetland-acres, 22,000 linear 
feet of waters of the U.S., including wetlands, 13 acres of bottomland resources and 559 acre of 
floodplains, of which 78 acres are in the Cedar Bayou floodplain and would permanently remove 
145 acres of vegetation important for wetland protection. 

 Alternative 6A is eliminated from detailed analysis due to its impact on 96-wetland acres, 3,000 linear 
feet of stream, 44 acres of bottomland resource, 179 acres of floodplain, of which 40 acres are in the 
Cedar bayou floodplain, and because it would remove 209 acres of vegetation important for wetland 
protection. 

Of the alternatives evaluated, Alternatives 1, 2, 3 and 3A are similar in construction cost, which ranges 
from $202 million to $232 million (in 2014 dollars).  Alternative 4A is estimated to cost over $1 billion to 
build, and Alternative 5 would cost about $424 million.  Alternative 5A is estimated at almost $860 million 
to construct, and Alternative 6A is estimated at $842 million.  Alternative 6 is estimated at $494 million 
and Alternative 4 is estimated at $561 million.  The overall cost to provide power to CRPS (Alternatives 2, 
3, 3A, 4 and 4A) would be approximately $9,850,000 in 2010 dollars, excluding point of delivery 
construction costs that may be as much as $2 million (Power Engineers 2010).  Power redundancy 
provisions at the TRPS (Alternatives 5, 5A, 6, and 6A) would cost between $5 million to $15 million in 
2003 dollars depending on the option (recommended option is approximately $10.5 million; KBR 2003). 
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3.0 AFFECTED ENVIRONMENT 

3.1 Introduction 
This Chapter addresses the baseline or existing conditions for the Luce Bayou Interbasin Transfer Project 
(LBITP) that is under evaluation by the U.S. Army Corps of Engineers, Southwest Galveston District 
(Corps of Engineers).  This Environmental Impact Statement (EIS) is being prepared to assist with the 
evaluation and permit decision for a Department of Army individual permit application under Section 404 
of the Clean Water Act submitted in 2009 by the Coastal Water Authority, the Applicant 
(SWG-2009-00188). 

The study focuses on the affected environment in north and central Liberty and eastern Harris counties, 
Texas, with the study area extending from the Trinity River across Liberty County to Lake Houston and 
the confluence of Luce Bayou with Lake Houston in Harris County.  The Trinity River basin, San Jacinto 
River basin, and Cedar Bayou watershed in Liberty County are the surface water sources evaluated 
within the Region H water planning area established by the Texas Water Development Board (TWDB).  
The affected environment for the Trinity River basin or watershed includes the following surface water 
features: 

 Trinity River 

 Lake Livingston 

 Pump Station Intake Structure at Capers Ridge 

 Lake Wallisville 

 Galveston Bay 

The affected environment for the San Jacinto River basin or watershed includes the following surface 
water features: 

 San Jacinto River 

 Luce Bayou 

 Lake Houston 

The affected environment for the Cedar Bayou watershed is evaluated and provided in Section 3.2.3.  
Unless otherwise noted, the affected environment per resource and alternative is described in more detail 
for the proposed project footprint including the proposed facilities and the 300-foot right-of-way (ROW) 
that encompasses the alternative alignments considered.  This chapter focuses on 20 resources that 
describe the existing or affected environment within the study area (Figure 3.1-1). 

 Topography and Soils 

 Geology and Groundwater 

 Subsidence 

 Sedimentation and Erosion 

 Hydrology 

 Water Resources 

 Navigation and Recreation 
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 Environmental Flows 

 Floodplain Values 

 Waters of the United States, Including Wetlands 

 Vegetation and Wildlife 

 Threatened and Endangered Species 

 Land Use 

 Social and Economic Resources 

 Climate and Air Quality 

 Noise 

 Aesthetics 

 Historic and Archeological Resources 

 Hazardous Waste and Materials Management 

 Visual and Aesthetic Resources 

The proposed action, known as the Luce Bayou Interbasin Transfer Project (LBITP), is the interbasin 
transfer of water in accordance with an existing water rights permit from the lower Trinity River watershed 
to the San Jacinto River watershed (Lake Houston) for municipal water use.  The study area extends 
through eastern Harris County at Lake Houston and along the lower Trinity River north of the city of 
Dayton and near Liberty, Texas and further to the south within the Galveston Bay watershed 
(Figure 3.1-1).  Three proposed action alternatives (Alternatives 3A, 4 and 6) are described in Chapter 2 
of this EIS and by the Alternatives Analysis Report (2007) prepared by the Coastal Water Authority.  For 
purposes of this EIS, the Coastal Water Authority has identified their preferred alternative as 
Alternative 3A.  This Chapter 2 of the DEIS describes relevant resources within the study area that may 
be affected by the proposed action.  A number of issues were identified through the scoping and agency 
consultation process conducted by Corps of Engineers.  These issues are addressed throughout this 
chapter by providing a description of the affected environment based on an appropriate level of detail 
necessary to understand the potential environmental effects of implementing the proposed action. 

3.1.1 Jurisdiction and Land Ownership 
The Coastal Water Authority is the Applicant to Corps of Engineers with respect to the Department of the 
Army individual permit application and is acting on behalf of the City of Houston.   

The geopolitical background and history of the proposed LBITP is useful to understand since the project 
was conceptually identified as a strategy for water supply to Houston as early as 1933.  Despite the use 
of the term “Luce Bayou” for project identification, water withdrawn from the lower Trinity River would not 
be conveyed through Luce Bayou to Lake Houston.  The environmental and hydraulic effects of 
transmitting up to 450 million gallons per day (MGD) through the Luce Bayou channel were evaluated in 
2006 and 2007 with the result that the project developed for further consideration involves the use of a 
constructed water conveyance system.  More recently, LBITP has been included as a water management 
strategy (WMS) of the 2011 Region H Water Plan and was incorporated into the latest version of the 
adopted State Water Plan developed by the Texas Water Development Board (TWDB).   

Projects identified by the State Water Plan are eligible for state funding assistance.  Region H, located 
along the upper Texas coast, encompasses the City of Houston and consists of all or part of 15 counties 
including Austin, Brazoria, Chambers, Fort Bend, Galveston, Harris, Leon, Liberty, Madison, Montgomery, 
Polk, San Jacinto, Trinity, Walker, and Waller.  Region H encompasses the San Jacinto River basin, the 
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lower portions of the Trinity and Brazos River Basins, and includes part or all of the Brazos-Colorado, the 
San Jacinto-Brazos, the Trinity-San Jacinto, and the Neches-Trinity coastal basins.  Region H also 
includes the Galveston and Trinity Bay estuaries, the urbanized, rapidly growing Houston-Galveston 
metropolitan area that includes Brazoria, Harris, Galveston, Fort Bend, and Montgomery counties, the 
coastal port communities of Galveston and Freeport, and agricultural areas in Austin, Chambers, Leon, 
Liberty, Madison, Polk, San Jacinto, Trinity, Walker, and Waller counties.  The regional study area for the 
LBITP encompasses the southern portion of the Region H planning area and the City of Houston (Figure 
3.1-1). 

LBITP is a regional WMS that would ultimately convey approximately 450 MGD of water withdrawn from 
the Trinity River from the proposed approximate 90-acre Capers Ridge Pump Station (CRPS) located on 
the Trinity River to supplement existing water supplies captured for municipal and industrial use by the 
Lake Houston reservoir.  Water in Lake Houston is treated at the Northeast Water Purification Plant 
(NEWPP).  Water provided by the implementation of the LBITP would be treated at the NEWPP and 
would be earmarked for use by local water authorities established to provide water service to 
municipalities and industry within the Houston extraterritorial jurisdiction (ETJ).   

The Applicant’s preferred alternative is to withdraw water from the lower Trinity River, pump the water 
through an approximate 3.1 mile long segment of pipe (two 108-inch diameter pipelines), into a 
sedimentation basin, and then into an earthen, open channel canal that would transport water using 
gravity to Luce Bayou at the confluence with Lake Houston.  The average depth of water in the open 
canal constructed within the 300-foot wide project easement is anticipated to be 7 feet and the flow and 
depth would be controlled by water control equipment/facilities installed along the route.  Water intake 
and discharge structures and construction/maintenance areas and easements would also be part of the 
LBITP.  The Sam Houston Electrical Cooperative would supply electric power to the CRPS.   

The pumping capacity of the LBITP would be sufficient to supplement the Lake Houston water supplies 
so that water demands would be satisfied until at least planning year 2040.  As specified by the City of 
Houston’s Certificate of Adjudication No. 08-4261, the total permitted water that can be withdrawn from 
the stipulated diversion point is 775 cubic feet per second (cfs) or an instantaneous average of about 
450 MGD.  The design of the project and the canal portion of the interbasin transfer system would be 
developed to convey water at the maximum permitted diversion rate. 

LBITP would require the construction of new facilities within approximately 1,050 acres of land owned by 
Coastal Water Authority.  The project would also require implementation of security and safety measures; 
management of sediment; pipeline, utility, stream, wildlife and roadway crossings; provision of electrical 
power; acquisition of property; construction of drainage crossings, outfall and ancillary structures; 
mitigation of unavoidable project effects, including shoreline and river bank erosion protection;  
management of public project funds.   

Prior to construction, property would be acquired based on the City of Houston’s real estate purchase 
policies or evocation of eminent domain.  Necessary permits and project authorizations would also be 
acquired by the Coastal Water Authority.  Construction activities would include clearing and grubbing of 
the land surface; establishment and use of equipment lay down, staging and fueling areas within the 
proposed 300-foot right-of-way (ROW). 

Construction would include grading, trenching and backfilling of surface soils; installation and hydrostatic 
testing of pipelines; earth moving to facilitate canal and side berms, access or service road and drainage 
ditch construction; installation of surface water and drainage crossings with siphon structure construction; 
road, pipeline, and utility easements or crossings; relocation of above ground utilities, installation or 
restoration of existing irrigation and drainage structures and agricultural pump or reservoirs; installation of 
security fencing and signage; construction of a maintenance facility; construction traffic management; 
cleanup, site restoration, mitigation and erosion protection at the outfall and intake structures in 
compliance with applicable Federal and State regulations and guidelines and specific requirements of 
necessary project permits. 

Operations of the LBITP would include canal maintenance such as repair, nuisance, and exotic aquatic 
species removal from the canal, maintenance, and mowing of the canal berms, and sediment 



3-4 

Environmental Impact Statement 
Luce Bayou Interbasin Transfer Project October 2012 

management.  The proposed mitigation plan includes transfer of property ownership for an approximate 
3,000-acre parcel of property located within the floodplain of the lower Trinity River from Coastal Water 
Authority to the U.S. Fish and Wildlife Service (USFWS) for the Trinity River National Wildlife Refuge 
(TRNWR).  The USFWS would manage the mitigation property and Coastal Water Authority would not 
incur further mitigation or monitoring responsibilities associated with Clean Water Act or other permitting.  
Facilities constructed or installed as part of the LBITP within the boundaries of the proposed mitigation 
property include the pipelines, project maintenance access roads, sedimentation basin and sediment 
storage area, and the start of the canal section adjoining the sedimentation basin.   

The proposed LBITP facilities encompassed within the boundaries of the TRNWR would be owned by the 
Coastal Water Authority, would be fenced, and locked with no access available to the public and USFWS 
staff.  There would be designated access to the proposed mitigation property for the public and USFWS 
staff after the property is transferred to the TRNWR. 

The construction phase of the LBITP anticipated to cost approximately $300 million and would be funded 
by the City of Houston and participating third parties through user fees. 

3.1.2 Existing Facilities 
The following description of existing facilities is organized by river basin to facilitate an understanding of 
the infrastructure that may be incorporated into the design or operation of the proposed project or 
otherwise influences or may be influenced by the proposed project.  The proposed project is the 
interbasin water transfer of surface water between two watersheds in compliance with water rights 
permits and water quality requirements.  Water would be transferred from the Lake Livingston Reservoir 
in the Trinity River Basin to Lake Houston in the San Jacinto River Basin.  The supply, treatment, and 
distribution of the transferred water would occur at existing and proposed facilities or property that is 
owned or operated by the City of Houston or the Coastal Water Authority.  Pertinent facilities by 
watershed are described below. 

3.1.2.1 Trinity River Basin 
Lake Livingston is a water supply reservoir located in the lower Trinity River basin.  Lake Livingston, 
including the dam and reservoir, is owned by the Trinity River Authority (TRA), and was constructed as a 
water supply project for the City of Houston.  The City of Houston owns 70 percent of the dependable 
water yield of Lake Livingston.  The dam of Lake Livingston defines the start of the lower part of the 
Trinity River.  The dam is constructed approximately 148 miles above the mouth of the Trinity River and 
490 miles below its headwaters.  The lake itself extends 52 miles upstream of the dam, covers 
approximately 83,000 acres, and has a normal pool elevation of 131 feet mean sea level (MSL).  Lake 
Livingston provides reservoir releases to maintain the normal elevation of the lake, provide permitted 
water volumes to downstream water rights holders, and to maintain the water flow in the river. 

Coastal Water Authority owns a 90.52-acre property that is proposed to be used for the CRPS.  The 
CRPS property is undeveloped, forested land primarily located out of the floodplain designated along the 
lower Trinity River and is south of Tanner Bayou and Mud Creek. 

The Wallisville Saltwater Barrier was constructed by Corps of Engineers and was funded by the City of 
Houston through TRA’s Livingston-Wallisville contract with the City.  City of Houston and TRA are 
responsible for the salinity control and recreation capital costs of the project.  Lake Wallisville was 
constructed for the purpose of controlling the intrusion of salt water from Trinity Bay that would occur 
during low flow conditions.  Construction of Lake Wallisville was completed and the project was put in 
operation in 1999 and provides a mechanical barrier to the upstream movement of saltwater.  Releases 
from Lake Livingston by the TRA to control salt water intrusion are no longer necessary due to the 
operation of Lake Wallisville. 
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3.1.2.2 San Jacinto River Basin 
Lake Houston is a reservoir located on the San Jacinto River and located east and north of the City of 
Houston.  The drainage basin for Lake Houston covers approximately 2,800 square miles.  The main 
body of water for Lake Houston is 8.5 miles long and 1.5 miles wide and is located upstream of the Lake 
Houston Dam and between the East and West Forks of the San Jacinto River.  The Lake Houston Dam 
consists of two earth-fill embankment sections and a 3,160-foot long uncontrolled concrete spillway 
located midway between the embankment sections for a total length of 12,100 feet.  The elevation of the 
spillway crest is 44.5 feet above mean sea level (MSL, National Geodetic Vertical Datum [NGVD] 29).  
The dam consists of two tainter gates that are 18 feet wide, 20.5 feet high, with a sill elevation of 27.3 feet 
MSL.  East of the spillway are two flashboard-type gates that are 18 feet wide and 6 feet high.  The sill 
elevation for the flashboard-type gates is 38.8 feet MSL.  The storage capacity at this level is 
146,700 acre-feet for the surface area of 12,240 acres.  The average water depth in Lake Houston is 
12 feet with a maximum depth of approximately 50 feet near the dam.  The theoretical residence times in 
Lake Houston depend on flow conditions.  During extreme low flow periods the theoretical residence time 
for water in Lake Houston is 400 days, during extreme high flow periods the residence time is 0.5 day, 
and the theoretical residence time for average flows is approximately 40 days. 

The City of Houston owns the Northeast Water Purification Plant (NEWPP) and the East Water 
Purification Plant (EWPP) and operates the West Canal.  The NEWPP is located at 12121 North Sam 
Houston Parkway East.  The NEWPP treats water from Lake Houston to meet permit requirements prior 
to distribution to customers.  The contractual requirements for treated surface water at this plant were 
based on anticipated changes in state and/or Federal regulations.  These requirements are more 
stringent than those at the other City of Houston water purification plants and the NEWPP is in 
compliance with these requirements.  The EWPP is located at 2300 Federal Road in Houston, Texas.  
The West Canal is concrete-lined and extends from Lake Houston to the south-southwest to the EWPP 
conveying raw water for treatment and distribution to customers. 

3.1.3 Water Rights 
City of Houston’s rights in surface water are outlined in the Texas Water Commission (TWC) orders 
adjudicating all claims of water rights in the San Jacinto River Basin (order entered on October 25, 1983) 
and in the lower segment of the Trinity River Basin (Order entered on May 15, 1985).  These rights are 
established in the water rights adjudication orders of the TWC and are summarized below.  A summary of 
other water rights holders in the Trinity River basin are also provided below. 

3.1.3.1 Trinity River Basin 
The City of Houston’s water rights associated with the LBITP includes the right to divert raw water at a 
maximum rate of 775 cubic feet per second from the Trinity River at the Capers Ridge Pump Station 
(CRPS) diversion point followed by the interbasin conveyance to Lake Houston for treatment at the 
NEWPP and distribution from the NEWPP and the EWPP.  The pertinent Certificates of Adjudication 
issued by the Texas Commission on Environmental Quality (TCEQ) that authorize water diversion for the 
LBITP are numbered 08-4261 and 08-4261B. 

3.1.3.2 San Jacinto River Basin 
City of Houston holds Certificate of Adjudication No. 10-4965 for Lake Houston that permits the diversion 
and use of 168,000 acre-feet of water per annum (150 MGD) for industrial, municipal and irrigation 
purposes.  Lake Houston permits held by the City of Houston include Permit No. 1323 and 
Permit No. 1411.  Permit No. 1323 authorized the construction of and use of water from Lake Houston an 
impoundment constructed on the San Jacinto River.  Permit No. 1411 is an amendment to that original 
permit and serves to increase the impounding capacity of and the amount of water that may be 
appropriated from Lake Houston.   

These permits, issued to the City of Houston, together authorize the impoundment of 160,000 acre-feet of 
water and the diversion and use of 168,000 acre-feet of water from Lake Houston per year for industrial, 
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municipal and irrigation purposes.  No allocation of the amount of water that may be used for each 
purpose is specified.  The City of Houston and the San Jacinto River Authority (SJRA) have also applied 
for an additional 32,500 acre-feet water right based on storage in Lake Houston and an interruptible 
supply of 80,000 acre-feet of water from the upper San Jacinto River Basin with an estimated 50 percent 
reliability. 

3.2 Geological Elements 

3.2.1 Introduction 
The regional geology throughout the study area influences the location, quantity, and quality of 
groundwater resources, presence and characteristics of soils, describes the occurrence and severity of 
geologic hazards, the location of sand, gravel and mineral resources including oil and gas producing 
fields, influences regional and local topography and area subsidence, influences the depth to 
groundwater, salt, minerals, and oil and gas producing horizons as well as provides the framework for 
sedimentation, erosion, and the fluvial processes that generate surface and groundwater resources.  The 
regional geologic framework of an area is directly responsible for the presence of multiple resources 
(surface water supplies, minerals [sulfur, salt, sand, gravel, oil, and gas], soils, and groundwater supplies) 
needed for to benefit the human environment. 

The geology of the study area, within the Texas Gulf Coast Basin, have been controlled by the structural 
development of the region including the (1) Triassic-Jurassic rifting and spreading of North and South 
America from Europe and Africa with marine salt and evaporate deposition within the Gulf of Mexico 
geosyncline (2) Cretaceous carbonate deposition and (3) Cenozoic terrigenous clastic sediment 
deposition. 

The depositional environment that dominated the sedimentation within the Gulf Coast Basin is fluvial and 
wave-dominated deltas, influenced by subsidence due to spreading and extension (divergence) of the 
Gulf Coast Basin or geosyncline.  As the basin or geosyncline continued to spread and extend as the 
continents separated, the sediments thickened parallel to the edge of the coastline.  This caused the 
effect that generally linear bands of fluvial sediments of equal thickness parallel the historic shoreline and 
this effect is represented by the strike of these deposits being perpendicular to the shoreline and the dip 
or thickness of the sediments increasing in the direction of the central part of the basin.  As such, the 
geologic structure or framework in the study area is underlain and dominated by regional, 
southwest-northeast, strike-oriented, down-to-the-coast, normal buried growth or gravity faults caused by 
slumping and sliding of the massive volume of deposited river-transported sands, silts and clay sediments 
in the direction of the deepest part of the Gulf Coast Basin (in the direction of regional dip).  The rivers in 
the study area also follow this depositional pattern and flow generally from northwest to southeast and 
discharge to the Gulf of Mexico with sedimentation generally occurring in a deltaic environment.  The Gulf 
Coast marine salt formations are also deposited in a linear band that parallels the edge of the basin; 
these types of deposits occur throughout the world in similar basin-rift environments.   

The Houston salt diapir province extends without break to the east into Louisiana and the eastward Texas 
extension is known as the East Texas salt province.  Salt deposition stopped during Cretaceous time 
when the Gulf Coast basin had expanded to the point that open-marine conditions were prevalent and the 
environment changed to allow carbonate deposition to occur.  Throughout Mesozoic time, the area 
received continental slope deposits (sediments eroded and deposited by rivers) and during early 
Cretaceous time, carbonate (shallow-marine deposits) dominated the depositional environment.  Most of 
the filling of the Gulf Coast Basin occurred during the Tertiary period, from the late Paleocene to the 
beginning of the Pleistocene (period of glaciation), and this occurred as a result of a great influx of 
terrigenous clastics (sand, silt, clays) produced by erosion from mountains generated during continental 
collisions and uplift.   

The marine salt deposits within the Gulf Coast basin area are less dense and more mobile than the 
heavier sand, silt and clay (terrigenous clastics) sediments deposited by rivers.  These salt deposits are 
therefore squeezed or deformed by the weight of the sediment overburden into domes and diapiric 
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structures that spread upward and occur at or near the land surface.  The salt dome or diapir areas are 
evidenced by topographic mounds or slight hills against the general landscape.  Numerous salt domes 
present along the coast and within the Houston salt diapir and East Texas salt provinces are sources of 
sulfur, carbonate, salt and other minerals and significant quantities of oil and gas production.  The earliest 
production of oil and gas and salt from these features occurred around 1900 in the Beaumont area 
(“Spindletop” Oil Field discovery) and at the North Dayton Salt Dome located in the vicinity of LBITP. 

Freshwater aquifer formations were deposited by historic river systems in southeastern Texas are 
composed primarily of belts of sand, silt, and clay that parallel and dip toward the shoreline of the Gulf of 
Mexico, increasing in thickness the closer to the Gulf of Mexico shoreline.  The formation of salt domes, 
which deform and move upward through overlying sediments, influence groundwater availability and 
water quality in their proximity.   

The top of the North Dayton Salt Dome is about 580 feet below ground surface; the aerial extent of the 
dome covers an area about two miles in diameter in the vicinity of LBITP.  The South Dayton-Liberty salt 
dome can be described as one that is characteristic of a Gulf Coast Basin salt dome structure.  The salt 
core is 1.5 miles by 2.5 miles in diameter and comes to within 500 feet of the land surface.  The 
topographic expression of this dome is a shallow anticline or hill.  The cap rock on top of the salt dome is 
150 feet to 250 feet thick and consists of gypsum and anhydrite (i.e., evaporites) deposits with a thin cap 
of limestone at the top of the cap rock.  Production of oil and gas from the sediments surrounding salt 
domes can occur from hydrocarbon traps generated by the structural deformation of the salt beds or may 
occur within lateral sands that are deposited and then uplifted against the sides of the domes.  
Structurally, the study area is stable with no widespread fault movement, earthquakes, or land 
subsidence occurring under natural conditions. 

3.2.2 Topography and Soils 

3.2.2.1 Topography 
The topography of the lower Trinity River watershed south of Lake Livingston ranges from approximately 
374 feet above MSL, at the high point of Coldspring, Texas, in San Jacinto County, to approximately 
2 feet above MSL at the confluence of the Trinity River with the Trinity Bay.  Generally surface level 
elevations decrease in the direction of the Trinity River and southward and in the direction of Galveston 
Bay.  The topography of the San Jacinto River watershed ranges from approximately 302 feet MSL at the 
high point in the northwestern corner (near Richards, Texas, Grimes County), to 2 feet MSL at the low 
point along the coastline of Trinity Bay.  The low point is to the southeast of the San Jacinto River 
watershed and is located east of LaPorte, Texas, in Harris County.  Generally, the land elevation 
decreases in the direction of the East and West Forks of the San Jacinto River and to the south in the 
direction of Galveston Bay.  The topography of Galveston Bay ranges from approximately 110 feet MSL 
at the high point in the northeast corner of Liberty County, Texas (approximately six miles northwest of 
Dayton, Texas), to 2 feet MSL at the City of Galveston.  Other correspondingly low areas exist along the 
coastline in the southern portion of the Galveston Bay in Galveston, Brazoria, and Jefferson counties.   

Generally, surface level elevations decrease in the direction of the Galveston, Trinity, and East and West 
Bays and other surface water features and their floodplains distributed throughout the Galveston Bay 
area.  Topography in the study area is affected by the presence of rivers, creeks, bayous and streams 
(surface water features and associated floodplains), salt domes or salt caverns, roads, agricultural 
reservoirs and levees, the geology of the Gulf coastal plain, groundwater withdrawals, and subsidence.  
The direction of surface water drainage is affected by topography as surface water will generally flow in 
the down gradient direction from high to low elevations. 

3.2.2.1.1 Alternative 3A 
The topography of Alternative 3A ranges from approximately 108 feet MSL at the high point of Capers 
Ridge to approximately 44 feet MSL at the Lake Houston discharge structure (per USGS 7.5-minute 
Topographic Quadrangle Maps of the project area dated from 1979 through 1984).  Capers Ridge is an 
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erosional, linear high feature formed within the floodplain of the Trinity River that was isolated by scouring 
patterns along the resistant sand ridge. 

The ordinary high water mark (OHWM) elevation at the Trinity River is approximately 20 feet above MSL.  
The land surface at the CRPS is approximately 50 feet above MSL.  The land surface within the central 
portion of Alternative 3A at the Liberty County boundary line is 80 feet above MSL.  Topography along 
Alternative 3A is affected by the presence of creeks, bayous and streams (surface water features and 
associated floodplains), salt domes or salt caverns, roads, agricultural reservoirs and levees, the geology 
of the Gulf coastal plain, groundwater withdrawals, and subsidence.  The land surface elevation changes 
from relatively high to low from Capers Ridge to Lake Houston allowing for gravity flow of water withdrawn 
from the Trinity River to the discharge point (Figure 3.2.2.1-1a through Figure 3.2.2.1-1c). 

3.2.2.1.2 Alternative 4 
The topography ranges from approximately 108 feet above MSL at the high point of Capers Ridge to 
approximately 56 feet MSL at the Lake Houston discharge point for Alternative 4 (per USGS Topographic 
Quadrangle Maps of the project area dated from 1979 through 1984).  The land surface within the 
southern portion of Alternative 4 at the Liberty County boundary line is 70 feet MSL.  Topography along 
Alternative 4 is affected by the presence of rivers, creeks, bayous and streams (surface water features 
and associated floodplains), salt domes and salt caverns, roads, agricultural reservoirs and levees, the 
geology of the Gulf coastal plain, groundwater withdrawals, and subsidence.  The land surface elevation 
changes from relatively high to low from Capers Ridge to Lake Houston.  The land surface at the CRPS is 
at approximately 50 feet MSL and the OHWM elevation at the Trinity River is approximately 20 feet MSL.  
The land surface within the central portion of Alternative 4 slopes to the south and west and is relatively 
flat with an average land surface elevation of approximately 70 feet above MSL (Figure 3.2.2.1-2a 
through Figure 3.2.2.1-2d). 

3.2.2.1.3 Alternative 6 
The topography of Alternative 6 ranges from approximately 48 feet MSL at the existing Trinity River Pump 
Station (TRPS) to approximately 56 feet MSL at the Lake Houston discharge structure (per USGS 
Topographic Quadrangle Maps of the project area dated from 1979 through 1984).  The land surface at 
the Liberty County boundary line, almost in the exact center of the Alternative 6 alignment, is 62 feet 
above MSL.  Topography along Alternative 6 is affected by the presence of rivers, creeks, bayous and 
streams (surface water features and associated floodplains), salt domes and salt caverns, roads, 
agricultural reservoirs and levees, the geology of the Gulf coastal plain, groundwater withdrawals, and 
subsidence.  The land surface along Alternative 6 is relatively flat with the lowest elevation at the TRPS 
and exhibits an average land surface elevation of approximately 60 feet MSL (Figure 3.2.2.1-3a through 
Figure 3.2.2.1-3d). 

3.2.2.2 Soils 
The National Cooperative Soil Survey is a joint effort of the U. S. Department of Agriculture (USDA) and 
other Federal agencies, State agencies (including the Agricultural Experiment Stations) and local 
agencies.  The Natural Resources Conservation Service (NRCS) has leadership for the Federal part of 
the National Cooperative Soil Survey.  Information about soils is updated periodically.  Soil surveys 
contain information that affects land use planning in survey areas.  Soil survey reports identify soil 
limitations that affect various land uses and provide information about the properties of the soils in the 
survey areas. 

3.2.2.2.1 Alternative 3A 
The surface soil textures in Alternative 3A are predominantly clays and clayey loams that developed in 
the clayey deposits of the Beaumont Formation.  The surface soils are predominantly the Beaumont 
Series, Lake Charles Series, Mocarey Series, and Yeaton Series that developed in relict back swamp 
deposits of antecedent rivers in the area according to the Liberty County Soil Survey (NRCS 1996).  
These soil types are typically poorly to somewhat poorly drained and slowly to very slowly permeable. 
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Dominant soil associations included in Alternative 3A within Liberty County include the Beaumont-Lake 
Charles association, Bernard-Morey-Morey association, Vamont-Woodville-Aldine association, and the 
Kirby-Waller-Sorter association (NRCS 1996).  The Beaumont-Lake Charles association consists of 
nearly level to gently sloping, somewhat poorly drained, and poorly drained, very slowly permeable, 
clayey soils.  The Bernard-Morey-Morey association consists of nearly level, somewhat poorly drained, 
very slowly permeable and slowly permeable, loamy soils.  The Vamont-Woodville-Aldine association 
consists of nearly level, to moderately sloping, somewhat poorly drained, very slowly permeable, clayey, 
and loamy soils.  The Kirby-Waller-Sorter association consists of nearly level, somewhat poorly drained, 
and poorly drained, moderately permeable and slowly permeable, loamy soils. 

Based on the Harris County Soil Survey, dominant soil associations along the Alternative 3A alignment 
include the Lake Charles-Bernard association, the Midland-Beaumont association, the Wockley-Gessner 
association, the Aldine-Ozan association, and the Segno-Hockley association (NRCS 1976).  The 
Lake Charles-Bernard association consists of somewhat poorly drained, very slowly permeable, clayey, 
and loamy soils.  The Midland-Beaumont association consists of poorly drained, very slowly permeable, 
loamy, and clayey soils.  The Wockley-Gessner association consists of somewhat poorly drained and 
poorly drained, very slowly permeable soils.  The Aldine-Ozan association consists of somewhat poorly 
drained and poorly drained, very slowly permeable, and slowly permeable soils.  The Segno-Hockley 
association consists of moderate well drained, moderately slowly permeable soils. 

Twenty-nine (29) different soil mapping units are found along the Alternative 3A ROW.  Figure 3.2.2.2-1a 
through Figure 3.2.2.2-1c depicts the soil types found in the Alternative 3A ROW, shown by soil map 
unit.  Table 3-1 lists the different soil types and corresponding hydric soil status for the Liberty County 
area and Table 3-2 provides a list of soil types and hydric soil status for the Harris County area.  Hydric 
soils are those that are saturated, flooded, or ponded long enough during the growing season to develop 
anaerobic conditions that favor the growth and regeneration of hydrophytic vegetation. 

3.2.2.2.2 Alternative 4 
The surface soil textures in Alternative 4 are predominantly clays and clayey loams that developed in the 
clayey deposits of the Beaumont Formation.  The surface soils are predominantly the Beaumont Series, 
Lake Charles Series, Mocarey Series, and Yeaton Series that developed in relict back swamp deposits of 
antecedent rivers in the area according to the Liberty County Soil Survey (NRCS 1996).  These soil types 
are typically poorly to somewhat poorly drained and slowly to very slowly permeable. 

Dominant soil associations included in Alternative 4 within Liberty County include the 
Beaumont-Lake Charles association, Bernard-Morey association, Vamont-Woodville-Aldine association, 
and the Kirby-Waller-Sorter association (NRCS 1996).  The Beaumont-Lake Charles association consists 
of nearly level to gently sloping, somewhat poorly drained, and poorly drained, very slowly permeable, 
clayey soils.  The Bernard-Morey association consists of nearly level, somewhat poorly drained, very 
slowly permeable and slowly permeable, loamy soils.  The Vamont-Woodville-Aldine association consists 
of nearly level, to moderately sloping, somewhat poorly drained, very slowly permeable, clayey, and 
loamy soils.  The Kirby-Waller-Sorter association consists of nearly level, somewhat poorly drained, and 
poorly drained, moderately permeable and slowly permeable, loamy soils. 

Based on the Harris County Soil Survey, dominant soil associations along the Alternative 4 alignment 
include the Lake Charles-Bernard association, the Midland-Beaumont association, the Wockley-Gessner 
association, the Aldine-Ozan association, and the Segno-Hockley association (NRCS 1976).  The 
Lake Charles-Bernard association consists of somewhat poorly drained, very slowly permeable, clayey, 
and loamy soils.  The Midland-Beaumont association consists of poorly drained, very slowly permeable, 
loamy, and clayey soils.  The Wockley-Gessner association consists of somewhat poorly drained and 
poorly drained, very slowly permeable soils.  The Aldine-Ozan association consists of somewhat poorly 
drained and poorly drained, very slowly permeable, and slowly permeable soils.  The Segno-Hockley 
association consists of moderate well drained, moderately slowly permeable soils. 

Twenty-two (22) different soil mapping units are found along the Alternative 4 ROW.  Figure 3.2.2.2-2a 
through Figure 3.2.2.2-2d depicts the soil types found in the Alternative 4 ROW, shown by soil map unit.  
Table 3-1 lists the different soil types and corresponding hydric soil status for the Liberty County area and 
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Table 3-2 provides a list of soil types and hydric soil status for the area of Liberty and Harris counties.  
Hydric soils are those that are saturated, flooded, or ponded long enough during the growing season to 
develop anaerobic conditions that favor the growth and regeneration of hydrophytic vegetation. 

3.2.2.2.3 Alternative 6 
The surface soil textures in Alternative 6 are predominantly clays and clayey loams that developed in the 
clayey deposits of the Beaumont Formation.  The surface soils are predominantly the Beaumont Series, 
Lake Charles Series, Mocarey Series, and Yeaton Series that developed in relict back swamp deposits of 
antecedent rivers in the area according to the Liberty and Harris County Soil Surveys (NRCS 1996).  
These soil types are typically poorly to somewhat poorly drained and slowly to very slowly permeable. 

Dominant soil associations included in Alternative 6 within Liberty County include the 
Beaumont-Lake Charles association, Bernard-Morey association, Vamont-Woodville-Aldine association, 
and the Kirby-Waller-Sorter association (NRCS 1996).  The Beaumont-Lake Charles association consists 
of nearly level to gently sloping, somewhat poorly drained, and poorly drained, very slowly permeable, 
clayey soils.  The Bernard-Morey association consists of nearly level, somewhat poorly drained, very 
slowly permeable and slowly permeable, loamy soils.  The Vamont-Woodville-Aldine association consists 
of nearly level, to moderately sloping, somewhat poorly drained, very slowly permeable, clayey, and 
loamy soils.  The Kirby-Waller-Sorter association consists of nearly level, somewhat poorly drained, and 
poorly drained, moderately permeable and slowly permeable, loamy soils. 

Based on the Harris County Soil Survey, dominant soil associations along the Alternative 6 alignment 
include the Lake Charles-Bernard association, the Midland-Beaumont association, the Wockley-Gessner 
association, the Aldine-Ozan association, and the Segno-Hockley association (NRCS 1976).  The 
Lake Charles-Bernard association consists of somewhat poorly drained, very slowly permeable, clayey, 
and loamy soils.  The Midland-Beaumont association consists of poorly drained, very slowly permeable, 
loamy, and clayey soils.  The Wockley-Gessner association consists of somewhat poorly drained and 
poorly drained, very slowly permeable soils.  The Aldine-Ozan association consists of somewhat poorly 
drained and poorly drained, very slowly permeable, and slowly permeable soils.  The Segno-Hockley 
association consists of moderate well drained, moderately slowly permeable soils. 

Sixteen (16) different soil mapping units are found along the Alternative 6 ROW.  Figure 3.2.2.2-3a 
through Figure 3.2.2.2-3d depicts the soil types found in the Alternative 6 ROW, shown by soil map unit.  
Table 3-1 lists the different soil types and corresponding hydric soil status for the Liberty County area and 
Table 3-2 provides a list of soil types and hydric soil status for the Harris County area.  Hydric soils are 
those that are saturated, flooded, or ponded long enough during the growing season to develop 
anaerobic conditions that favor the growth and regeneration of hydrophytic vegetation. 

3.2.2.3 Prime Farmland Soils 
The U.S. Department of Agriculture (USDA) is the agency primarily responsible for the implementation of 
Federal policy concerning prime or unique farmland and land of statewide or local importance.  Guiding 
farmland policy is the Farmland Protection Policy Act of 1981 (FPPA), U.S. Code (USC), Title 7, 
Chapter 73, Section 4201.  The general provisions of Section 4201 state that “…the Nation’s farmland is 
a unique natural resource that provides food and fiber necessary for the continued welfare of the people 
of the United States.”  Section 4201 also states that “…the Department of Agriculture and other Federal 
agencies should take steps to assure that the actions of the Federal Government do not cause United 
States farmland to be irreversibly converted to nonagricultural uses in cases in which other national 
interests do not override the importance of the protection of farmland nor otherwise outweigh the benefits 
of maintaining farmland resources.”  LBITP would be subject to FPPA requirements when existing 
farmland (directly or indirectly) would be irreversibly converted to non-agricultural use and when these 
actions are performed by a Federal agency or with assistance from a Federal agency.”  (NRCS 2012).  
There are no soils in Texas identified as unique farmland soils. 
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3.2.2.3.1 Alternative 3A 
According to National Soil Survey Handbook (NSSH) Part 622.04, prime farmland soils are those soils 
that have “the best combination of physical and chemical characteristics for producing food, feed, forage, 
fiber, and oilseed crops” and that are available for these uses (NRCS 2011, NRCS 2012).  Based on a 
review of the Liberty County Soil Survey (NRCS 1996) and the Harris County Soil Survey (NRCS 1976), 
much of the Alternative 3A ROW contains prime farmland soils (Table 3-1 and Table 3-2).   

Prime farmland soils identified were identified by plotting the soil mapping units from the NRCS Soil 
Survey of Liberty County (1996) and Soil Survey of Harris County (1976) using ArcGIS to develop maps 
showing soil types within the 300-foot ROW of Alternative 3A.  Based on these analyses, the ROW of 
Alternative 3A contains approximately 745.80 acres of prime farmland (Figure 3.2.2.3-1a through Figure 
3.2.2.3-1c).  Table 3-1 and Table 3-2 provide a summary of soil characteristic and identify prime farmland 
soils for the proposed LBITP located in Liberty and Harris Counties, Texas. 

Table 3-1:  
Soil Types Occurring within the Project Area:  Liberty County, Texas 

Soil Type Description 
Prime 

Farmland 
Soils 

Listed as 
Hydric by 

NRCS 
Aldine silt loam AdA) Nearly level, gently sloping soil on uplands of coastal prairie.  

Areas are elongated or oval. 
Yes, if 
drained 

No 

Aldine-Aris complex (Ae) Nearly level soils are in mounded areas of the coastal prairie 
and flatwoods.  Most areas are broad; slopes are 0-1%. 

Yes, if 
drained 

Yes/Aris 
component 

Anahuac-Aris complex (An) Nearly level soils are in mounded areas of the coastal prairie.  
Areas are irregular in shape; slopes are 0-1%. 

Yes, if 
drained 

Yes/Aris 
component 

Aris silt loam (Ar) Nearly level soil on broad flats along drainage ways.  Areas are 
long and narrow or irregular in shape; slopes are 0-1%. 

No Yes 

Beaumont Clay (Ba) Nearly level soils are in broad areas of the coastal prairie; slopes 
are 0-1%. 

Yes, if 
drained 

Yes 

Bernard clay loam (Be) Nearly level soils are in areas of the coastal prairie.  Areas are 
elongated or irregular in shape; slopes are 0-1%. 

Yes No 

Bernard-Morey complex 
(Bm) 

Nearly level soils are in mounded areas of the coastal prairie.  
Areas are elongated or irregular in shape; slopes are 0-1%. 

Yes, if 
drained 

No 

Bienville loamy fine sand, 
0-2% slope (BnB) 

Nearly level and gently sloping soil on stream terraces.  Areas 
are oval or elongated. 

No No 

Dylan Clay, 3-6% slopes 
(DyC) 

Gently sloping and moderately sloping soil on side slopes along 
major drainage ways.  Areas are elongated or irregular in shape. 

No No 

Fausse Clay, frequently 
flooded (Fa) 

Nearly level soil on the floodplain of rivers and streams.  Areas 
are long and narrow; slopes are 0-1%. 

No Yes 

Guyton-Aldine Complex (Gy) Nearly level soils are in mounded areas of the coastal prairie.  
Areas are broad and irregular in shape. 

No Yes/ 
Guyton 
component 

Kaman Clay, occasionally 
flodded (Ka) 

Nearly level soil on bottom lands in irregular, oblong areas; 
slopes are 0- 1%, dominantly less than 0.5%. 

Yes, if 
drained 

Yes 

Kaman clay, frequently 
flooded (Kf) 

Nearly level soil along the floodplain of the Trinity River and 
other large streams.  Areas are long and broad; slopes are 
0-1%. 

No Yes 

Kemah silt loam (Kh) Deep, somewhat poorly drained, very slowly permeable soils 
that formed in thick clayey and loamy sediments of Pleistocene 
age 

No No 

Kemah-Aris complex (Km) Nearly level soils are in mounded areas of the coastal prairie.  
Most areas are broad; slopes are 0-1%. 

No Yes/Aris 
component 

Kirbyville fine sandy loam 
(Kr) 

Very deep, moderately well drained soils Yes No 
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Soil Type Description 
Prime 

Farmland 
Soils 

Listed as 
Hydric by 

NRCS 
League clay, 0-1% slopes 
(LaA) 

Nearly level soil on broad upland areas, irregular in shape. Yes No 

Mocarey-Yeaton complex 
(My) 

Nearly level soils on broad mounded areas of the coastal prairie.  
Areas are generally oblong in shape; slopes are 0-1%. 

Yes, if 
drained 

No 

Owentown fine sandy loam, 
occasionally flooded (Oz) 

Nearly level soil on the floodplains of rivers and streams.  Areas 
are long and narrow; slopes are 0-1%. 

Yes No 

Pluck fine sandy loam, 
frequently flooded (Pu) 

Deep, poorly drained, moderately permeable soils on flood 
plains. Nearly level to gently sloping soils formed in stratified 
loamy alluvium. 

No Yes 

Spurger fine sandy loam, 
0-2% slopes (SrB) 

Nearly level and gently sloping soil on low ridges of stream 
terraces along the floodplains of the Trinity River and large local 
streams. 

Yes No 

Vamont silty clay, 0-1% 
slopes VaA) 

Nearly level soil on uplands and stream terraces.  Areas are 
broad and irregular in shape 

Yes Yes 

Vamont silty clay, 1-3% 
slopes (VaB) 

Nearly level soil on uplands and stream terraces.  Areas are 
broad and irregular in shape.  Slopes are 1- 4%, but average 
3%. 

Yes No 

Bevil silty clay, depressional 
(Vd) 

Very deep, poorly drained, very slowly permeable soils that 
formed in clayey sediments on nearly level terraces of 
Pleistocene age 

Yes, if 
drained 

Yes 

Verland clay loam (Ve) Nearly level soils in plane to slightly concave areas of the 
coastal prairie.  Areas are irregular in shape; slopes are 0-1%. 

No Yes 

Waller loam (Wa) Nearly level soils in broad areas of the flatwoods.  Areas are 
irregular in shape; slopes are 0-1%. 

Yes, if 
drained 

Yes 

Waller-Kirbyville complex 
(Wk) 

Nearly level soils on broad mounded areas of flatwoods.  Areas 
are irregular in shape. Slopes are 0-1%. 

Yes, if 
drained 

Yes/Waller 
component 

Woodville fine sandy loam, 
1-3% slopes (WvB) 

Very gently sloping soil on broad uplands. Areas are irregular in 
shape. 

No No 

Woodville fine sandy loam, 
5-8% slopes (WvD) 

Moderately sloping soil on uplands along drainage ways.  Areas 
are generally long and narrow. 

No No 

Note: Soil types shown as not hydric may contain small hydric components of other soil types.  The hydric component of each soil 
complex, if classified as such, is listed. 
Sources: Soil Survey of Liberty County, NRCS 1996; National Technical Committee for Hydric Soils (NTCHS), NRCS Soil Survey 
Data dated 2008 and 2011 (online); and AECOM Team (2010)  http://soils.usda.gov/technical/classification/osd/index.html 

  

http://soils.usda.gov/technical/classification/osd/index.html
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Table 3-2:  
Soil Types Occurring within the Project Area:  Harris County, Texas 

Soil Type Description 
Prime 

Farmland 
Soils 

Listed as 
Hydric by 

NRCS 
Aldine very 
fine sandy 
loam (Am) 

A nearly level soil in broad, oblong and oval wooded areas.  The surface is 
plain to slightly convex.  The slope is 0 to 1%, but averages about 0.6%. 

No No 

Atasco find 
sandy loam, 
1-4% slopes 
(AtB) 

A gently sloping soil in oblong and oval areas along ridges and natural 
drainageways.  The surface is plane to convex.  The slope averages about 
2.5%. 

No No 

Bernard clay 
loam (Bd) 

A nearly level soil in broad, irregularly shaped areas.  The slope ranges 
from 0 to 1% but averages less than 0.5%. 

Yes No 

Edna fine 
sandy loam 
(Ed) 

Very deep, somewhat poorly drained soils that formed in loamy 
fluvio-marine deposits derived from the Beaumont Formation of 
Pleistocene age 

No No 

Lake Charles 
clay, 0-1% 
slopes (LcA) 

Soils are nearly level and are in broad, irregular areas.  Slopes average 
0.2%. 

Yes No 

Midland silty  
clay loam 
(Md) 

Soils are nearly level and are in broad, irregular areas.  Slopes range from 
0-1%. 

Yes, if 
drained 

No 

Note: Soil types shown as not hydric may contain small hydric components of other soil types.  Sources: Soil Survey of Harris 
County, NRCS 1976; NTCHS and NRCS soil data mart (online); and AECOM Team (2010) and Descriptions from 
http://soils.usda.gov/technical/classification/osd/index.html 

3.2.2.3.2 Alternative 4 
Prime farmland soils identified were identified by plotting the soil mapping units from the NRCS Soil 
Survey of Liberty County (1996) and Soil Survey of Harris County (1976) using ArcGIS to develop maps 
showing soil types within the 300-foot ROW of Alternative 4.  Based on these analyses, the ROW of 
Alternative 4 contains approximately 686 acres of prime farmland (Figure 3.2.2.3-2a through 
Figure 3.2.2.3-2d). 

3.2.2.3.3 Alternative 6 
Prime farmland soils identified were identified by plotting the soil mapping units from the NRCS Soil 
Survey of Liberty County (1996) and Soil Survey of Harris County (1976) using ArcGIS to develop maps 
showing soil types within the 300-foot ROW of Alternative 6.  Based on these analyses, the ROW of 
Alternative 6 contains approximately 618 acres of prime farmland (Figure 3.2.2.3-3a through 
Figure 3.2.2.3-3d). 

3.2.3 Geology and Groundwater 

3.2.3.1 Geology 
The surface geology in the Liberty County and eastern Harris County area consists predominantly of 
Quaternary (Pleistocene) Age relict alluvial, deltaic, and coastal deposits that have been uplifted to form 
topographic terraces with modem (Holocene) age alluvial deposits occurring along the Trinity River and 
local streams.  Shallow sediments are composed predominantly of clays and silty clays interbedded with 

http://soils.usda.gov/technical/classification/osd/index.html
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discontinuous layers of silts and sands to a depth of approximately 150 feet below ground surface (bgs).  
Over 200 million years ago, dry climatic conditions resulted in evaporation of the sea, and salt was 
subsequently deposited.  There are a number of areas in Liberty County where salt has pushed upward 
through overlying sediments, producing local salt dome features; these areas include the North and South 
Dayton, Moss Bluff, South Liberty, Esperson, and Humble Domes (south and west of Lake Houston).  
The occurrence and location of salt domes influences groundwater availability and water quality.  The 
North Dayton Dome is located within the north-central portion of Liberty County.  The top of the North 
Dayton Dome is positioned about 600 feet below land surface and encompasses an area about two miles 
in diameter.  The upward movement of the salt was contemporaneous with deposition of some of the 
deeper sediments, although there has been no indication of uplift in the Pleistocene Age.  Oil and gas 
production surround salt domes in Liberty County. 

The upper approximately 150 feet of the subsurface sediments is composed predominantly of Quaternary 
Age alluvial and coastal sediments (deposited 1.8 million to 8,000 years ago) that have been elevated 
into topographic terraces above the present river and coastline.  The sediments of the Beaumont 
Formation are characterized primarily as clays and silty clays with interbedded, discontinuous layers of 
silts and sands that are alluvial, deltaic, and coastal in origin.  Holocene Age alluvial deposits 
(8,000 years ago to present) have been deposited along modern rivers and streams, including the Trinity 
River, Cedar Bayou, and Luce Bayou. 

The location of oil and gas production in Liberty County is influenced by the presence of the North Dayton 
Dome and other salt domes including the South Dayton Dome.  The area through Liberty County trending 
from near the lower Trinity River on the northeast to the southwest is geologically characterized by the 
Geologic Atlas of Texas, as the Deweyville (Qd) Formation, Alluvium (Qal) and the Beaumont (Qb) 
Formation, respectively, which were deposited during the Quaternary Age, less than two million years 
ago.  Alluvium along the Trinity River consists of clay, silt, sand with gravel, pebbles, and calcareous and 
iron manganese concretions.  The Beaumont Formation is characterized by mostly clay, silt, and sand 
and includes mainly stream channels, point bars, natural levees, back-swamps, and some coastal marsh 
and mud-flat deposits.  Capers Ridge and other high points in Liberty and Harris County are mapped as 
Qd (i.e., the Deweyville Formation). 

3.2.3.1.1 Alternative 3A 
The geologic map along the alignment of Alternative 3A is presented as Figure 3.2.3.1-1a through 
Figure 3.2.3.1-1c.  The geology of the area influences the resultant landforms, the watershed and its 
processes, and therefore the predominant ecology, vegetative habitat and wildlife.  Distinctive landforms 
and soils are caused by geological conditions and these influence land cover, cultural, vegetative and 
landscapes affected by surface water flow.  The exploitation of geologic deposits including groundwater 
and soils has occurred in the study area where oil and gas, sulphur, gravel and sand, and other minerals 
have been mined and productive soils have supported agriculture and silvicultural for decades.  
Quaternary Alluvium is present on floodplain areas and along the lower Trinity River.  The Beaumont 
Formation underlies much of the area and sand deposits along the floodplains form scarps and ridges 
that influence surface water flows and cultural activities.  Sand deposits are present along area rivers and 
within the bottom of stream beds. 

3.2.3.1.2 Alternative 4 
The geologic map along the alignment of Alternative 4 is presented as Figure 3.2.3.1-2a through 
Figure 3.2.3.1-2d.  Quaternary Alluvium is present on floodplain areas and along the lower Trinity River.  
The Beaumont Formation underlies much of the area and sand deposits along the floodplains form 
scarps and ridges that influence surface water flows and cultural activities.  Sand deposits are present 
along area rivers and within the bottom of stream beds. 

3.2.3.1.3 Alternative 6 
The geologic map along the alignment of Alternative 6 is presented as Figure 3.2.3.1-3a through 
Figure 3.2.3.1-3d.  Quaternary Alluvium is present on floodplain areas and along the lower Trinity River.  
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The Beaumont Formation underlies much of the area and sand deposits along the floodplains form 
scarps and ridges that influence surface water flows and cultural activities.  Sand deposits are present 
along area rivers and within the bottom of stream beds. 

3.2.3.2 Groundwater 
The Gulf Coast Aquifer comprised of several aquifer systems including the Jasper, Chicot, and 
Evangeline aquifers, supplies groundwater to the project area (Figure 3.2.3.2-1 through 
Figure 3.2.3.2-3).  Groundwater users in Liberty County obtain most of their water from the Chicot and 
Evangeline Aquifers.  Sixty (60) percent of the groundwater has historically been obtained from the 
Evangeline Aquifer, approximately 40 percent from the Chicot Aquifer, and less than one (1) percent of 
groundwater supplies have been obtained from the Jasper Aquifer (Table 3-3).  The TWDB recognizes 
nine major and 21 minor aquifers in Texas and has defined major aquifers as those aquifers that produce 
large amounts of water over a large area; minor aquifers either produce a small amount of water over a 
large area or a large amount of water over small area (TWDB 2012).  The following is a discussion of the 
geologic conditions that provide groundwater resources to the Houston metropolitan, and Harris and 
Liberty counties area.  The sediments capable of supplying groundwater are accessible to a depth of 
approximately 4,000 feet below ground surface (bgs).  The depths to groundwater sources are described 
by subdividing the layers of sand and gravel material that comprise the aquifers of interest (TWDB 2012).   

The Chicot Aquifer is composed of the Willis Sand, Bentley Formation, Montgomery Formation, 
Beaumont Formation, and Recent Alluvium.  These formations consist of sand, silt, clay, and minor 
gravel.  Sand is estimated to constitute about 50 percent of the aquifer, although sand content will vary 
within the county.  The Chicot Aquifer thickness ranges from less than 100 feet in the northern part of 
Liberty County to about 700 to 800 feet in the southeastern part of the county.  The base of the Chicot 
Aquifer is estimated at about 400 to 500 feet below MSL near the proposed Alternative 3A.  The Chicot 
Aquifer supplies small to large quantities of freshwater to wells in the vicinity of the Alternative 3A ROW 
and farther south in the Liberty County.  A number of the identified domestic and irrigation wells in the 
area are screened across and produce water from the Chicot Aquifer.  The Chicot Aquifer contains 
freshwater, with the exception of close to the North Dayton Dome and other salt domes in the county.  
Electric logs for wells or test holes near the City of Dayton indicate that the Chicot Aquifer sands contain 
freshwater. 

The aquifers present in the vicinity of the proposed project and alternatives are, in descending order, the 
Chicot, Evangeline, and Jasper.  The Burkeville Clay lies beneath the Evangeline Aquifer and separates it 
from the Jasper Aquifer.  The Chicot and Evangeline Aquifers comprise a leaky artesian aquifer system.  
There are clay layers that locally act as confining layers, or aquitards, between the Chicot and Evangeline 
Aquifers and, in addition, there are clay layers within the aquifers. 

The Evangeline Aquifer is the upper part of the Fleming Formation and reportedly contains approximately 
30 to 50 percent sand although the thickness varies depending on the location within the county.  The 
thickness of sand of the Evangeline Aquifer ranges from 540 feet in the northern part of Liberty County to 
about 1,900 feet in the southeastern part.  The base of the Evangeline Aquifer is 1,800 to 2,000 feet 
below ground surface (bgs).  The majority of the sand thickness in the Evangeline Aquifer occurs above a 
depth of about 1,400 feet.  Freshwater can be found in the Evangeline Aquifer in the northern half of 
Liberty County and fresh to slightly saline water can be found in the southern part of the county.  In the 
vicinity of the northern-central portion of Liberty County, the estimated depth to the base of freshwater 
(defined as 1,000 milligrams per liter [mg/l] or less total dissolved solids [TDS] content) is about 
2,800 feet.  The Evangeline Aquifer water is low in chloride and sulfate, ranges in hardness from soft to 
hard, and is suitable for public supply, industrial, and irrigation use in most of the Liberty County. 

The City of Dayton obtains groundwater from the Evangeline Aquifer and possibly the deeper sands of 
the Chicot Aquifer, and has wells that are screened in sands at depth intervals of about 500 to 800 feet 
and about 1,000 to 1,300 feet bgs.  Two industrial wells located northwest of the North Dayton Dome 
screen sands in the Evangeline Aquifer between 1,200 to 1,500 feet bgs.  Irrigation wells in the area have 
screens installed across the sand intervals ranging in depth of approximately 150 to 800 feet bgs.  In 
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Liberty County, irrigation wells are screened in sands of the Chicot Aquifer, and in part of the Evangeline 
Aquifer. 

Table 3-3:  
Description of Aquifers 

Hydrologic 
Unit Approximate Depth (bgs) 

Maximum 
Thickness 

(feet) 
Composition Properties 

Chicot Aquifer 400 to 500 feet 480 Consists of gravel, sand, silt, 
and clay.  Sand constitutes 
about 50 percent of the unit; 
gravel is a minor component. 

Yields small to large 
amounts of water in 
southern part of county 

Evangeline 
Aquifer 

540 feet in the northern part 
of Liberty County to about 
1,900 feet in southeastern 
Liberty County. 

1,900 Consists of sand, gravel, silt, 
and clay; gravel a minor 
component.  Sand constitutes 
about 30 percent to 50 
percent of the unit. 

Yields small to large 
amount of water 

Burkeville 
Aquiclude 

At a depth below about 
2,000 to 2,200 feet. 

450 Consists of clay, silt, and 
sand.  Sand constitutes from 
less than 10 percent to 20 
percent of the unit. 

Not known to yield water 
to wells in Liberty County; 
a confining layer 

Jasper Aquifer At depths greater than 
approximately 2,000 feet 

2,400 Consists of sand, silt, and 
clay.  Sand constitutes from 
30 percent to 40 percent of 
the unit (fresh to slightly 
saline water depending on 
location). 

Yields small to moderate 
quantities of freshwater to 
a few wells in northern 
part of county 

Small = less than 100 gpm; Moderate = 100 – 1,000 gpm; Large = more than 1,000 gpm 
Table adapted from Texas Water Development Board Report 72 

3.2.3.2.1 Alternative 3A 
Water wells located in the vicinity of Alternative 3A are shown on Figure 3.2.3.2-4.  There are a limited 
number of domestic wells in the immediate vicinity of the Alternative 3A ROW due to low population 
density and correspondingly less need for drinking water for domestic purposes.  The number of irrigation 
wells within the Alternative 3A area has declined because there is significantly less rice production and 
associated irrigation compared to past decades.  The majority of the water wells present in the vicinity of 
the Alternative 3A ROW obtain groundwater from the Evangeline Aquifer, a few wells use the Chicot 
aquifer, and a few wells use a combination of both aquifers.  

3.2.3.2.2 Alternative 4 
Water wells located in the vicinity of Alternative 4 ROW are shown on Figure 3.2.3.2-5.  There are a 
limited number of domestic wells in the immediate vicinity of the Alternative 4 ROW.  The number of 
active irrigation wells within the Alternative 4 area has declined because there is significantly less rice 
production and associated irrigation compared to past decades.  The majority of the water wells present 
in the vicinity of the Alternative 4 ROW obtain groundwater from the Chicot Aquifer, a few wells use the 
Evangeline Aquifer, and a few wells use a combination of both aquifers. 

3.2.3.2.3 Alternative 6 
Water wells located in the vicinity of Alternative 6 ROW are shown on Figure 3.2.3.2-6.  There are a 
number of domestic wells in the immediate vicinity of the Alternative 6 ROW due to relatively high 
population density and corresponding need for drinking water for domestic purposes.  The number of 
irrigation wells within the Alternative 6 area has declined with time because there is significantly less rice 
production and associated irrigation compared to past decades.  
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The majority of the water wells present in the vicinity of the Alternative 6 ROW obtain groundwater from 
the Chicot Aquifer, a few wells use the Evangeline Aquifer, and a few wells use a combination of both 
aquifers. 

3.2.4 Land Subsidence 
Land subsidence is an active geologic process that occurs as a result of groundwater or hydrocarbon 
withdrawals from the subsurface in the Houston metropolitan area.  Subsidence can occur when large 
quantities of groundwater are pumped from the Chicot or Evangeline aquifers in an amount that is not 
replenished.  In this case, sand layers are compressed due to the weight of the overlying sediments and 
the loss of structure stability at depth causes, at the surface, subsidence, or reduction of landscape 
elevation.  An illustration showing subsidence in Harris and surrounding counties is provided as 
Figure 3.2.4-1 through Figure 3.2.4-3.  In the southern and western parts of Harris County, subsidence 
has increased to a maximum of more than 10 feet for the period between 1906 and 2000.  The major 
area of subsidence occurs in Harris County where large quantities of groundwater have been pumped for 
decades for water supply.  In the mid 1970s, groundwater pumping in Harris and surrounding counties 
reached 400 to 450 MGD. 

The Harris-Galveston Subsidence District (HGSD) and Fort Bend Subsidence District developed 
Groundwater Management Plans to address subsidence through reduced groundwater extraction within 
their respective regulatory areas.  These districts adopted regulatory plans in 1999 and 2003, 
respectively, setting limits on groundwater use as a percentage of total water demand.  In the vicinity of 
the proposed action alternatives for LBITP (Alternative 3A, Alternative 4 and Alternative 6), the amount of 
subsidence that has occurred in the majority of Liberty County and far northeastern Harris County north of 
Lake Houston is less than one foot, based on information provided by HGSD.  

3.2.5 Sedimentation and Erosion 
The fluvial processes of sedimentation and erosion occur in the San Jacinto and Trinity Rivers, 
Lake Houston and Lake Livingston and within Trinity and Galveston Bay systems.  During lower 
Quaternary sea level changes, the Trinity and Sabine Rivers of Texas converged on the continental shelf 
and cut an incised valley.  Since that time, estimated at 18,000 years before present (BP), the 
Trinity-Sabine incised valley has been filled with sediment from the Trinity River and San Jacinto River.  
Galveston Bay was formed approximately 4,000 years ago.  The Trinity River discharges to a bay head 
delta system of Trinity Bay and to drowned-valley estuaries fronted by a barrier island (Blum et al., 1995; 
Blum et al., 2002). 

Physical actions (i.e., sedimentation and erosion), chemical, and biological activities are affected by and 
help define the area of influence of a watershed or river system.  These boundaries are defined by how 
well river or streams function within and beyond its channel as well as through the interaction of other 
processes.  Ecological connectivity of river systems is influenced by the ecology of the upstream and 
downstream reaches of the river, tributaries, floodplains, as well as the interaction with shallow 
groundwater in the form of seeps and springs that occur at the surface of the landscape.  Sediment 
transport processes begin with the erosion of soil, rock, and organic material in the watershed; eroded 
material is then transported by surface water flow as surface water runoff to a stream channel.  Total 
sediment load in a river channel consists of the suspended materials (mineral and organic matter), float 
load consisting of fine grained, small particles and buoyant organic material, and also the bed load 
composed of coarse material moving along the channel bottom. 

The alluvial morphology and stratigraphy of the lower Trinity (and the nearby, similar Sabine River), and 
the deposits and paleochannels now submerged in Trinity and Galveston Bays and the Gulf of Mexico 
preserve evidence of climate, sea level, and upstream sediment delivery changes (Anderson and 
Rodriguez 2000; Anderson et al. 1992; Blum et al. 1995; Phillips 2003; Phillips and Musselman 2003; 
Rodriguez and Anderson 2000; Rodriguez et al. 2001; Thomas and Anderson 1994). 

Contemporary modifications to flow and sediment regimes have therefore been superimposed on long 
term changes stream segments is an important consideration in understanding ecological functioning and 
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the interrelationship of physical and biological processes.  The longitudinal dimension of streams refers to 
processes that operate from headwaters to the mouth.  Proposed water development projects that 
influence river flow regimes influence downstream and upstream biological and physical systems through 
the intricate connectivity and linkage of instream processes and resources.  For these reasons 
(i.e., temporal, longitudinal and ecosystem connectivity), existing and potential changes to the fluvial 
system, including sedimentation and erosion within the affected environment, may need to be evaluated.  
The distribution of river flow rates and discharge as well as the sedimentation will be affected by 
impoundment of rivers such as those that occur on the lower Trinity River and the East Fork of the 
San Jacinto River (pertaining to Lake Livingston and Lake Houston respectively).  The following sections 
provide a discussion of the lower Trinity River and San Jacinto River basins, Trinity River delta, and 
Galveston Bay. 

3.2.5.1 Sedimentation 
The amount of sediment supplied to the lower Trinity River and to Lake Houston could affect the design 
and operation of the proposed project.  The proposed water withdrawal would also result in removal of 
sediment from the Trinity River at concentrations related to the rate of withdrawal and the suspended 
sediment load in the river.  Rates of sediment generation are typically estimated based on gauging 
records at U.S. Geological Survey (USGS) gauging stations established to monitor water flow, quality, 
and other parameters needed to meet the scientific requirements of long-term water planning to benefit 
the public.  The USGS gauging station that has been active for a significant period of time and is a source 
of a generous volume of baseline water flow and scientific data significant to the state’s water planning 
efforts is the Romayor gauge located downstream of Lake Livingston and upstream of Capers Ridge.  
Much of the predictions of the response of the proposed project and estimation of preliminary design 
details to address the conditions and response of the lower Trinity River have been obtained through 
analysis and modeling of the historic hydrologic dataset maintained at the Romayor gauge.  
Sedimentation and associated responses to changes to the flow regime predicted for the lower Trinity 
River have been evaluated based on the hydrologic record from the USGS’s Romayor gauging station. 

3.2.5.1.1 Trinity River Basin 
Sediments that would be expected in the lower Trinity River Basin are generated from unconsolidated 
material typical of the surrounding Alluvium (Qal), Deweyville (Qd), and the Beaumont Formations (Qb).  
Lake Livingston is located approximately 129 river miles above the mouth of the lower Trinity River.  The 
lower Trinity River discharges water to Trinity Bay, part of Galveston Bay.  With a conservation pool of 
2.2 billion square meters (m3), Lake Livingston is the largest reservoir in the Trinity River basin.  The 
lower Trinity River flow is regulated by Lake Livingston and releases are made to meet downstream water 
needs.   

Channel cross-section and the length, the shape and form of river channels, and the type and size of 
sediments deposited and the information provided by the sand and clay deposits and old river channels 
(“paleochannels”) provide evidence of changes that have occurred through time to the climate, sea level, 
and sedimentation rates (Anderson and Rodriguez 2000; Anderson et al. 1992; Blum et al. 1995; Phillips 
2003; Phillips and Musselman 2003; Rodriguez and Anderson 2000; Rodriguez et al. 2001; Thomas and 
Anderson 1994).  Recent changes to the river and therefore to sedimentation and erosion are caused by 
climate and sea level fluctuations as well as man’s activities that change the flow and therefore the ability 
of the river systems to transmit sediment and nutrients to Galveston Bay and its estuary systems. 

Relatively little Trinity River sediment is delivered to Galveston Bay.  This is consistent with previous 
studies that have shown that extensive alluvial storage occurs upstream of the Trinity Bay delta and that 
there is low sediment transport capacity in the lower Trinity River (Phillips et al. 2004; Phillips et al. 2005).  
Sediment is deposited upstream of the Trinity Bay estuary, accounting for the low input of river sediment 
to Trinity and Galveston Bays from the Trinity River.  The following line drawing provides for an increased 
understanding of the location of USGS gauging stations along the lower Trinity River with respect to the 
proposed CRPS and existing TRPS as water flows from Lake Livingston to Galveston Bay. 
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The USGS Liberty gauge data provide the basis for the best estimate of actual sediment delivery along 
the lower Trinity River to its delta and therefore ultimately to the Trinity and Galveston bays, although the 
data collected from this gauging station may overestimate fluvial sediment sources (Phillips et al. 2004). 

Sediment transport bottlenecks occur upstream of the Trinity River delta and the transport of river 
sediment to the estuary in this area would be low regardless of the presence of Lake Livingston.  In the 
lower Trinity River downstream of USGS Romayor gauge, accommodation space increases somewhat, 
the frequency of overbank flow increases, but slope and stream power (and thus transport capacity) 
declines significantly in the downstream direction.  The lower Trinity River channel bed is cut down or 
incised below sea level at the USGS Liberty gauge and the lower Trinity River is subject to coastal 
backwater effects.  The Trinity River channel morphology has responded to sea level rise and this effect 
extends about 115 km above Trinity Bay (Phillips et al 2004; 2005; Phillips and Slattery 2005). 

3.2.5.1.2 Lake Livingston 
Lake Livingston operates as a flow-through reservoir and has been operational since 1968 serving as a 
water supply source for the City of Houston.  Lake Livingston reservoir has no flood control function, 
although the facility has been permitted for hydropower operations using water released that would 
released over the spillway dam in excess of downstream water needs (FERC 2011).   

Generally, impoundment of river channels and the regulation of discharges downstream affect flood 
patterns, the river flow regime, sediment transport, and the hydraulic gradient downstream 
(Phillips et al. 2004).  Precisely how regulated flow differs from natural conditions varies significantly 
between individual dams and their methods of operation. 

The supplies of sediment to the lower Trinity River have historically been estimated based on 
measurements at the USGS gauging station at Romayor, approximately 85 miles upstream of Trinity Bay.  
Livingston Dam is located approximately 50 miles upstream of Romayor gauge station.  Based on a 
review of historical gauge records maintained since 1936, there has been an observed decline in the 
sediment loads in the lower Trinity River based on measurements at the USGS Romayor gauge following 
the completion of Livingston Dam in 1968 (White and Calnan 1991; Solis et al 1994).  Additional 
sedimentation studies have been conducted more recently by Wellmeyer (2005) and Phillips (2005).  
Daily suspended sediment samples have been collected during the time period ranging from 1965 
through 1989 at the USGS gauging station located at Liberty, Texas, further downstream of Lake 
Livingston compared to the location of the Romayor gauge.  A review of the USGS Liberty gauge 
sedimentation records indicate that sediment transport is less at the Liberty gauge than at the Romayor 
gauge.  For the lower Trinity River, the loss of sediment load caused by the presence of Livingston Dam 
is concentrated for a limited distance downstream of the dam and is not apparent at the proposed CRPS 
location (Phillips 2001; 2003; Phillips and Marion 2001; Phillips and Musselman 2003; Phillips et al. 2004; 
2005).  For the lower Trinity River, the sediment nourishment is caused by replenishment of sediment 
loads by tributary inputs and by channel erosion in the scour zone downstream of the dam 
(Phillips et al. 2004). 
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Trinity River sedimentation and shoreline studies were conducted in 2009 for the proposed project.  
Surface sediment samples collected from lower Trinity River point bars in the vicinity of the proposed 
CRPS were determined to consistent almost entirely of sand and the average sand content of the 
samples collected was approximately 96 percent.  For comparison, the average sand content of the 
sediment samples collected from the Trinity River channel bed was approximately 94 percent 
(Baird 2010). 

3.2.5.1.3 Trinity River Delta near Lake Wallisville 
The surface area of the Trinity River delta, excluding the existing large open-water areas, is 126.1 km2 in 
size.  Based on a review of sediment facies maps published by McEwen (1963), the average thickness of 
sediments in the Trinity River delta is estimated at approximately 3.1 meters, implying that there is a total 
sediment volume within the Trinity River delta of 390,910,000 m3.  Assuming delta accumulation began 
approximately 4,000 years ago, these data indicate that an appropriate average sediment accumulation 
rate at the Trinity River delta would be 97,727 tonnes/year. 

The Trinity River delta is undergoing a net loss of land and conversion of marsh to open water.  Coastal 
submergence rates, which account for subsidence as well as sea level rise, exceed sedimentation rates.  
This is consistent with the concept that the modern delta is largely composed of reworked Holocene age 
sedimentary material.  Color, angularity, and grain coatings of delta sediment samples suggest relatively 
long (> 1 year) residence times, with little or no sediment recently eroded from uplands.  These terrace 
soils are generally coated with iron oxide indicating reworked sediments as the source of deltaic 
sediments. 

3.2.5.1.4 Galveston Bay 
There are generally two significant sources of sediment to Galveston Bay.  Sediment to Galveston Bay 
would be generated through fluvial sediment sources, including local runoff around the Galveston Bay 
margins and barrier island overwash, and shoreline erosion.  Wind-blown or aeolian deposition of 
sediment to Galveston Bay is thought to be relatively negligible and would not be a significant source of 
sedimentation to Galveston Bay. 

The existing sediment accumulation rates in Galveston Bay are difficult to determine due to disturbance 
of the sediment bottom associated with dredging, navigation, oyster harvesting, and hydrocarbon 
exploration and production.  Recent and historical rates estimated from bathymetric surveys compared to 
historical maps indicate that an average sediment accumulation rate would be approximately 
3.5 mm/year.  A typical bulk density of estuarine and lake sediments as well as recently deposited 
alluvium is approximately 1 tonne/m3

 (Smith et al. 2002; Phillips et al. 2004).  Based on this estimate of 
bulk density, an average sedimentation rate is obtained that also ranges from 3.5 to 3.8 mm/year.  
Considering the size of the area of sedimentation, sediment input to Galveston Bay is calculated to range 
between approximately 5,400,000 to 5,900,000 tonnes/year. 

At the USGS Liberty gauge station, where the gauge datum is 0.7 meters below sea level, the calculated 
sediment yield is less than 1.6 tonnes/km2/year.  The inverse relationship between drainage area and 
sediment yield per unit area evident in Table 3-4.   

Table 3-4:  
Fluvial Sediment Yields in the Galveston Bay Region, Texas 

Source of Measurement/ 
Estimate Drainage Area in Square Kilometers Sediment Yield 

tonne/km2/year 

Long King Creek at Livingston(1)  365 467 

Trinity River at Crockett(1) 36,029 142 

Trinity River at Romayor Gauge(1) 44,512 76 

Trinity River at Liberty(1) 45,242 1.6 
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Source of Measurement/ 
Estimate Drainage Area in Square Kilometers Sediment Yield 

tonne/km2/year 

Trinity River at Trinity Bay(2) 46,100 <1.6 

Lake Houston(3) 7,325 6 

Lake Conroe(4) 1,153 189 

B.A. Steinhagen Lake(5) 19,614 50.2 

(1) Based on 1964-1989 sediment sampling by the Texas Water Development Board, adjusted 
as described in text, and previously reported by Phillips et al. (2004). 

(2) Estimated by Phillips et al. (2004) 
(3) Based on reservoir capacity loss, from Texas Water Development Board reservoir surveys. 

Source: http://www.twdb.state.tx.us/assistance/lakesurveys/surveytech.htm. 
(4) Source: calculated from data in Sullivan et al. (2003). 
(5) Source: calculated from data in Austin et al. (2004). 

The sediment yields reported in Table 3-4 can be compared with similar studies of sedimentation in the 
East Texas coastal region.  Reservoir studies were performed by the TWDB (Phillips et al. 2004) to 
calculate sediment delivery estimates from relatively small drainage areas which approximate the coastal 
watersheds surrounding Galveston Bay (Table 3-5).  These studies were conducted to document 
changes in reservoir capacity, which are assumed to be the result of sedimentation.  For these reservoirs, 
dividing the capacity change by the number of years between surveys allows for the calculation of a 
sediment accumulation volume per year.  These data have also been adjusted for the size of the drainage 
areas to estimate an annual sedimentation rate.  During the study performed by the TWDB, the reservoir 
bathymetric survey data were averaged for the 27 reservoirs located in East and central Texas which are 
located in the same land resource areas as those encompassing the drainage areas within the middle 
and lower Trinity River.  These volumetric lake surveys provided sediment accumulation rates of 6 to 
1,002 tonne/km2/year (assuming an average bulk density for the sediments of 1 tonne/m3); an average 
sediment yield of 315 tonne/km2/year.  Per-unit-area, the calculated sediment yield for large drainage 
areas would be much lower, similar to the sediment yield data summarized by Table 3-5. 

Table 3-5:  
Fluvial Sediment Yields in the East Texas Coastal Plain, Texas 

Location Sediment Yield 
Tonne/km2/Year Source/Investigation 

Lower Trinity River Basin(1) 400 Phillips et al. 2004 

Lower Trinity River Basin 36 Greiner 1982 

Average for 27 East Texas Reservoirs 375 Phillips et al. 2004 

Steinhagen Lake 50 Austin et. al. 2004 

Lake Houston 6 Phillips et al. 2004 

Lake Conroe 189 Sullivan et. al. 2003 

Angelina River Basin Forested 3.3 Blackburn et. al. 1986 

Angelina River Basin, Logged 19-294 Blackburn et al. 1986 

Angelina National Forest 2-70 Blackburn et al. 1990 

Buffalo Bayou and Lower San Jacinto 143 Greiner 1982 

In estimating sediment inputs to Galveston Bay, 70,000 tonnes/year (an amount slightly higher than the 
measured average annual load at the Liberty gauge station) appears to be a reasonable estimate for the 
sediment supplies from the lower Trinity River (Phillips et al. 2004).  For the remaining 46 percent of the 

http://www.twdb.state.tx.us/assistance/lakesurveys/surveytech.htm
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Galveston Bay watershed, contained entirely within the coastal and coastal plain, an average annual 
estimate of sediment yield ranges from 6 to 190 tonnes/km2/year.  Given these estimates, the sediment 
input to Galveston Bay would range from 236,220 to 7,480,300 tonnes/year.  An accepted “best 
professional judgment” estimate is approximately 60 tonnes/km2/ year (Phillips et al. 2004).  This estimate 
of sediment yield per area, when combined with the contribution of sedimentation from the lower Trinity 
River, results in the calculation of sediment input to Galveston Bay of 2,432,200 tonnes/year.  The various 
sediment sources and estimates of sediment input to Galveston Bay are summarized below by Table 3-6. 

Table 3-6:  
Sediment Inputs to Galveston Bay, Texas 

Source of Sediment Input/Area Volume/Year (Load) 
Tonne/year 

Trinity River  70,000 

Other 

Min Scenario: 236,220 

Max Scenario: 7,480,300 

Most Likely Scenario: 2,362,200 

Shoreline Erosion  81,800 

Total (Range)  388,020 to 7,632,100 

The amount of sediment input required to keep pace with sea level rise makes a convenient reference 
point for discussion, though in fact estuaries are geologically ephemeral, and there is no reason, based 
on geomorphological principles or on the Quaternary history of the southeast Texas coast, to expect 
Galveston Bay to maintain its area or volume in response to sea level change.  Based on various studies 
and similar assumptions, the average annual sediment input of approximately 5 million tonnes would be 
necessary to offset an annual sea level rise of 3.2 mm, and approximately 11.8 million tonnes for coastal 
submergence of 7.6 mm/year. 

3.2.5.1.5 San Jacinto River Basin 
Sediments that would be expected in the lower San Jacinto River basin downstream of Lake Houston are 
generated from unconsolidated material typical of the surrounding Alluvium (Qal), Deweyville (Qd), and 
the Beaumont Formations (Qb).  Lake Houston is located approximately 49 river miles above the 
channelized and constructed reach of the lower San Jacinto River which is the Houston Ship Channel 
(HSC). 

The lower San Jacinto River watershed contributes the majority of the fluvial sediment that reaches the 
Galveston Bay and estuary as well as 46 percent of the freshwater inflow to Galveston Bay.  The greater 
sediment yield per unit area from the lower San Jacinto River, when compared with the sediment yield 
from the Trinity River basin, is thought to be caused by proximity to Galveston Bay.  The greater sediment 
yield is thought to be caused by relatively shorter transport distances and lag times compared with the 
lower Trinity River basin and fewer opportunities for sediments and eroded alluvium to get stored prior to 
reaching Galveston Bay. 

3.2.5.1.6 San Jacinto River 
In 2008 and 2009, the Engineer Research and Development Center (ERDC), Coastal and Hydraulics 
Laboratory (CHL), has developed a validated sediment model of the Houston Ship Channel (HSC) and 
surrounding shallow areas.  The intent of the original modeling effort was to develop the validated 
sediment model, including the effects of vessel traffic on the dynamics of the system.  Sediment 
properties, bed and suspended, were determined from field data collection and analysis.  The model 
validation was based on comparisons to historic dredging records and suspended sediment 
concentrations.  The validated sediment model, including vessel effects, was initially used to determine 
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the expected increase in the shoaling along the HSC due to the channel enlargement from 40-ft deep by  
400-ft wide in the 1990s to the present day dimension of 45-ft deep and 530-ft wide.  After the HSC 
channel expansion was completed, a larger than expected increase in the sedimentation and shoaling 
was seen along the channel, especially in the upper portions of Galveston Bay.  The sediment model  
completed by ERDC indicates that there would be an increase in sedimentation/shoaling in the HSC 
channel by a factor of approximately 30 percent due to the changes in the dynamics of the river/channel 
system caused by the channel enlargement and other factors related to widening and deepening of the 
HSC.  The changes in hydrodynamics and sediment transport along the HSC segment of the San Jacinto 
River were performed by ERDC using a validated sediment model.  The simulations that were modeled 
analyzed changes over one year of generally high flow conditions.  The observed changes in 
sedimentation and shoaling rates and of hydrodynamic conditions appeared to be dominated by 
increased velocities in some areas of the channel, although the change in velocities are fairly small and in 
most instances would not have been expected to generate more erosion of the channel bed material.  
However, based on the model results, the changes in the hydrodynamics of the system specifically the 
flow patterns did tend to produce new or more areas of sedimentation and deposition along the channel 
and in the upper reaches of Galveston Bay due to the nature of the particles in suspension 
(Tate, J.N. and Berger, R.C. 2006; Tate, J.N., Berger, R.C., and Ross, C.G. 2008; Tate, J.N. and 
Ross, C.G. 2009). 

3.2.5.1.7 Luce Bayou 
Luce Bayou is located three miles north of Dayton in west central Liberty County and flows from the 
northeast to the southwest as it transects the northeastern portion of Liberty County.  The watershed is 
largely non-urbanized with an area of approximately 227 square  miles.  The watershed is primarily flat 
terrain with local escarpments and surface sandy loam soil, in places, that supports heavy forests and 
agriculture.  Stream roughness values indicate the bayou channel is irregular with the cross-section 
alternating frequently and displaying heavy vegetation.   

Sedimentation studies were conducted by Baird (2010) in order that preliminary design for the proposed 
discharge station at Luce Bayou be developed.  Table 3-7 below is a flow and water level model study 
conducted by Baird as the model relates flow and Lake Houston water levels. 

Table 3-7: 
Flow and Water Level Scenarios for the Luce Bayou FM 2100 (USGS Huffman gauge) 

Scenario 
Upstream River 

Discharge 
(ft3/sec) 

Lake Water Level 
(ft) Description 

1 35 44.1 Calibration to observed data 

2 53 43.5 Normal water level and river discharge(or low discharge) 

3 53 40.1 Low water level and normal river discharge 

4 4,340 40.1 Low water level and 2 year river discharge 

5 13,621 40.1 Low water level and 10 year river discharge 

6 31,159 40.1 Low water level and 100 year river discharge 

3.2.5.1.8 Lake Houston 
Sediment samples were collected in 2009 at the confluence of Luce Bayou near Lake Houston 
(Baird 2010).  An analysis of these data indicate that shoreline sediments can be classified as brown silty 
to clayey sand (0.9 percent medium sand, 60.1 percent fine sand, 33.2 percent silt, and 5.8 percent clay).   
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For Lake Houston, the estimated sediment yields were calculated based on bathymetric surveys and infill 
rates.  The bathymetric data analyzed indicated that the sediment yield from Lake Houston is low 
compared with the yield rates estimated from other reservoir surveys.  Corroborating evidence that these 
estimates, although low, may be accurate, is based on studies conducted in the late 1990s.  Van Metre 
and Sneck-Fahrer (2002) obtained sediment cores from Lake Houston to examine trends in water quality.  
One sediment core was analyzed to estimate sedimentation rates in Lake Houston.  During the 
approximate 45 year time period between the time when Lake Houston was constructed in 1954 and the 
date of the study, approximately 105 centimeters (cm) of sediment had accumulated.  Based on the 
evidence collected from the core sample, the accumulation rate appeared to be fairly consistent during 
that time period.  Bathymetric surveys conducted by the TWDB indicate that sedimentation rate for Lake 
Houston would average approximately 6 tonnes/km2/year.  These data, if extrapolated over the entire 
area of Lake Houston, provide an estimated sediment input from Lake Houston to the Galveston Bay area 
of 3.7 tonnes/km2/year.  The TWDB has also conducted bathymetric and capacity surveys to estimate 
storage capacity loss from sedimentation infill rates (see Chapter 2, Section 2.4 for more detail). 

3.2.5.1.9 Cedar Bayou 
Sedimentation in Cedar Bayou can be caused by sediment in runoff from upstream drainage areas; 
movements of tides between Galveston Bay and Cedar Bayou; and sediment intake from Galveston Bay 
due to the reversed current at the Cedar Bayou Generating Station.  The materials present in sediment 
can influence the water quality in the surrounding area.  Within Cedar Bayou, actions that can cause 
mixing and transfer of materials from sediments to water include wind-induced water movements, flood 
events, commercial and recreational vessel traffic, the upwelling of groundwater through sediment and 
into the bayou, and dredging activities.  

Rates of sedimentation vary between the lower and upper portions of Cedar Bayou.  Historical dredging 
records for the federally maintained portions of Cedar Bayou show that maintenance dredging cycles 
occurred at approximately two year intervals from 1947 to 1972.  The average siltation rate was 
approximately 166,000 cy/year. I n 1974, the authorized channel was extended, and from 1974 to 1999, 
the average period between maintenance dredging increased to 6.3 years.  During this time, the new 
channel had an average siltation rate of 91,000 cy/year, or 3.0 cy/foot/year.  This relatively high siltation 
rate is due to the dynamic environment of the open bay, including waves, tidal action, and storm events, 
contributed to the littoral transport of sediment. 

3.2.5.2 Erosion 

3.2.5.2.1 Trinity River Basin 
The Trinity River is an active river and has been historically active through Holocene age time.  Lateral 
migration of the channel across the floodplain provides a significant source of sediment to the overall 
sediment load of the river.  In a study conducted by Wellmeyer et al (2005), Trinity River main stem bank 
erosion rates were calculated along a 75 km length of the lower Trinity River between the 
USGS Romayor gauge and the USGS Liberty gauge.  Based on an analysis of digitized aerial 
photography, the referenced study established that there is significant channel movement along the 
Trinity River and that contributions from channel erosion are significant, and may be a dominant source of 
sediment contribution.  For the lower Trinity River, rates of floodplain erosion range between 10.7 and 
42 hectares (ha)/year with an average channel erosion rate calculated at 30.2 ha/year.   

Using an average channel depth of 7 meters and an average bulk density, the contribution from floodplain 
erosion to the Trinity River is estimated to be equivalent to 87.6 percent of the annual sediment load 
measured at the USGS Romayor gauge.  Assuming channel migration contributes similar volumes above 
and below Lake Livingston, channel erosion processes would produce approximately 40,000 tonnes of 
sediment per linear kilometer (km) of stream channel.  This estimate illustrates the potential for channel 
bank erosion and lateral migration of the main channel itself to supply sediment to the riverine system 
independently of surface erosion within the Trinity River watershed. 
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In another study, sediment rates in the sub-basins of the Trinity River watershed were calculated by 
Muttiah (2007) by incorporating National Resources Inventory (NRI) erosion rates into a Graphical 
Information System (GIS) analysis process.  The NRI provides nationally consistent statistical data on 
erosion resulting from water (sheet and rill) on cropland for the period 1982 to 1997.  Erosion rates 
computed from NRI data are estimates of average annual (or expected) rates based upon long-term 
climate data, inherent soil and site characteristics, and cropping and management practices.  These 
estimates are calculated through an analysis of Universal Soil Loss Equation (USLE)-based factors 
determined for each NRI sample site that represents cropland, pastureland, or land enrolled in the 
Conservation Reserve Program.   

Muttiah (2007) used the 1997 USLE-based soil loss estimates by broad land use (cultivated, uncultivated 
land, pasture land) made from several thousand NRI observations in 21 counties in the Trinity River 
basin.  Land cover/use was determined for each 12-digit HCU (Hydrologic Cataloging Unit) in the Trinity 
River basin using the 1992 USGS National Land Cover Dataset (NLCD) incorporated into the GIS 
analyses.  The USLE soil loss (land cover/use by county) estimates were then incorporated into the GIS 
dataset to determine soil loss by 12-digit HCU.  Based on the analysis conducted, the USLE-based 
estimates of sediment erosion from the Trinity River results in sediment yield for the lower Trinity River of 
approximately 400 tonnes/km2/year (Garnett 2008). 

3.2.5.2.2 Galveston Bay 
Galveston Bay is experiencing erosion along barrier beaches and subsidence with wetland loss is 
occurring throughout the Galveston Bay estuaries.  Along Galveston Island, 57 percent of the shoreline 
has experienced erosion rates averaging at least 0.6 m/year, while the shoreline erosion rate at Bolivar 
Peninsula is 86 percent.  The evolution of the Galveston Bay system has been characterized by episodic, 
sometimes abrupt, changes in sea level and the systematic response to changes in sea level.  In the 
Galveston Bay estuarine system, which includes the Trinity Bay and Trinity River delta, shoreline retreat 
of 1.5 to >3 m/year is commonly measured and conversion of marshes to open water at a rate of 47 
ha/year has been documented for the Trinity River delta (Morton and Paine 1990; White and Calnan 
1991; Morton 1993; GLO 2001).  The erosion and land loss has, in many cases, accelerated during the 
past 50 years.  White and others (2002) note that the Trinity River bay head delta was prograding 
(building) through most of the 20th century although there has been transition to degradation (declining) 
beginning between sometime during the late 1950s or early 1970s.  Other studies have documented that 
beach erosion in Texas showed an apparent increase beginning in the 1960s (Davis 1997; Morton 1977, 
Morton and Paine 1990). 

The best estimate of fluvial and shoreline erosion inputs imply a sediment deficit for Galveston Bay with 
sedimentation rates of approximately 3 million tonnes per year.  Assuming reasonable accuracy with 
respect to Galveston Bay infill rates, the deficit may be attributable to one or all of the following issues: 
aeolian input, underestimation of fluvial input, and sediment from coastal sources other than bay 
shoreline erosion.  Table 3-8 shows the relative contributions of water and sediment for the Trinity River 
and the remainder of the Galveston Bay drainage basin.  The proportion of total sediment input (Bay infill) 
reflects the deficit described above.  The proportion of total water inflow is based on the flow ratio 
(freshwater inflow relative to tidal prism) of 0.183.  A review of the data presented by this summary table 
indicates that while the Trinity River represents 54 percent of the drainage area and freshwater inflow 
contribution to Galveston Bay, it contributes a substantially smaller proportion of sediment.  This effect 
may be due in part to the fact that 95 percent of the Trinity River drainage basin is more than 175 km 
upstream of Galveston Bay, and that the locus of deposition in the lower Trinity is upstream of the Trinity 
River delta (Phillips et al. 2004). 
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Table 3-8:  
Relative Contributions of Water and Sediment for the Trinity River and 

the Remainder of the Galveston Bay Watershed, Texas (GBFIG 2003; TWDB 2005) 

 
Percentage of: Trinity River San Jacinto and Coastal 

Basins 
Water Sediment 

Drainage area  54 46 
Freshwater inflow 54 46 
Total water inflow 10 8 
Fluvial sediment input 2.9 (0.9 to 23) 97.1 (77 to 99.1) 
Total sediment input 1.3 45.7 (5.4 to 45) 

Unless fluvial erosion in the coastal watersheds surrounding the Galveston Bay is substantially higher 
than these data suggest, fluvial sedimentation cannot begin to account for observed sedimentation in 
Galveston Bay or to provide enough sediment to keep pace with sea level rise.  This may be attributable 
to one or all of the following: aeolian input, underestimation of fluvial input, and sediment from coastal 
sources.  Estimates of fluvial input of sediment to Galveston Bay do not appear to be underestimated and 
the contemporary and historical sediment transport, alluvial sediment storage, and geomorphic responses 
of the lower Trinity upstream of the delta are well documented (Phillips et al. 2004 and 2005; 
Wellmeyer et al. 2005). 

The combination of Galveston Bay shoreline erosion, land loss in the Trinity River delta and other 
wetlands, and coastal submergence (relative sea level rise), indicate that Galveston Bay should 
experience a short-term enlargement.  Based on well-publicized and conducted studies, none of these 
effects can be attributable to recent, human-caused reduction of sediment inputs from the Trinity River, 
though the upstream migration of the locus of deposition in the Trinity River during recent geologic time 
may play a minor role in sediment input reduction.  Human activity may have reduced sediment inputs 
from the San Jacinto River due to sediment storage in Lake Houston and Lake Conroe, but these effects 
(like those of Lake Livingston), are likely to be localized immediately downstream of the dams.  Observed 
sediment storage effects have also been demonstrated to be partly offset by increases in erosion 
associated with an increase in urbanization, agriculture, and forestry in the densely-populated Galveston 
Bay region.  Conclusions of the studies conducted and summarized in this section include the following: 

 The Trinity River, while accounting for a majority of the drainage area and freshwater inflow to 
Galveston Bay, delivers a relatively small amount of sediment, approximately 70,000 tonnes/km2, on an 
average annual basis. 

 Sediment input from the remainder of the Galveston Bay watershed may be as low as 
6 tonnes/km2/year or as high as 190 tonnes/km2/year.  At an average sedimentation rate of 
60 tonnes/km2/year, this would provide an average annual volume of sediment to Galveston Bay of 
2,360,200 tonnes/km2. 

 Fluvial sediment inputs are insufficient to account for observed sediment infill rates in Galveston Bay; 
the sediment inflows are unable to keep pace with sea level rise. 

 Erosion of the coastal shoreline is a significant sediment source to sediment input into Galveston Bay.  
The estimated average contribution of sediment to Galveston Bay caused by shoreline erosion is 
81,800 tonnes/year, although this amount could be higher. 

 The other likely major sediment source to the Galveston Bay is transport of Gulf of Mexico sediments 
through Bolivar Roads inlet, although studies are underway to evaluate the effect of closing this inlet. 

 Approximately 390,910,000 tonnes of sediment are stored in the Trinity River delta; this is an average 
sediment accumulation rate of 97,727 tonnes/year during delta formation that occurred more than 4,000 
years before present.  These delta sediments have color, angularity, and iron oxide coatings indicative 
of a relatively long fluvial residence time, with limited input of recently-eroded upland sediments. 
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Galveston Bay is enlarging due to shoreline erosion, conversion of wetlands to open water, and net 
coastal submergence.  Anthropogenic reductions in fluvial sediment input are a minor contributor to this 
trend.  Other human activities such as hydrocarbon and groundwater extraction (which contribute to 
subsidence) may play a role in the enlargement of Galveston Bay. 

3.2.5.2.3 San Jacinto River Basin 
The San Jacinto River Basin comprises 3,962 total square miles and divided by Lake Houston. The 
watershed upstream of Lake Houston comprises 2,837 square  miles.  Numerous estimates of suspended 
sediment load have been located; however, quantitative data on bedload have not been discovered.  One 
estimate of the percentage of total load attributable to the bedload component is 20-25% (USDA 1952).  

USDA 1952 provides estimates of suspended sediment load at Romayor (4,396 ac-ft/year) and Huffman 
(657 ac-ft/year) calculated from 4-year record to 1948; bedload material is hypothesized to be 20-25 
percent of suspended material. With volume of sediment not measured (bedload) assumed to be 25 
percent of suspended material, total annual sediment load to Galveston Bay is 6,300 ac-ft/year for the 
period analyzed. 

Longley et al. (1994) estimate TSS load passing Romayor for the period 1969-86 to be 526 acft/yr; this is 
much less than for the period 1936-71 is 2,573 acft/yr.  Suspended sediment load contributed by the 
San Jacinto River basin below Lake Houston, including Buffalo Bayou, is 220.9 acre-feet based on data 
from 1979.  Since completion of Lake Houston in 1953, there is a significant reduction in the amount of 
sediment delivered from the San Jacinto River (Longley et al. 1994). 

3.2.5.2.4 San Jacinto River 
At one location on the West Fork San Jacinto River upstream of the headwaters of Lake Houston, 
investigations of the Hallet point bar indicate a transition in sediment transport regime from erosive 
processes below the 1.5 year recurrence interval flow to depositional processes above the 1.5 year flow 
(Herrera 1999).  The erosive processes below the 1.5 year flow establish the overall morphology of the 
bar (Herrera 1999). 

The annual average suspended sediment load of the East Fork San Jacinto River is 17 ac-ft per year, 
ranging from 0 ac-ft in 1971 to 41 ac-ft in 1975, based upon 29 years of record 1953 through 1982 
(Quincy 1988). 

3.2.5.2.5 Luce Bayou 
Existing conditions on Luce Bayou are generally stable water levels with little (under one foot high of 
eroding shoreline) or no shoreline erosion.  There is a relatively low water level fluctuation (TPWD 2009), 
with mean daily water levels at the USGS Gauge No. 08072000 gage on Lake Houston in the range of 
44.5-45.5 feet.  Record highs and lows peak at approximately 50 feet and 40 feet, respectively. In areas 
where shoreline is adjacent to the main channel of Luce Bayou, river banks experience some erosion, 
ranging 1-3 feet high.  

The low values of shoreline erosion compared to other areas reflect the low-energy environment in 
Luce Bayou and is consistent with the short fetches (i.e. sheltered water with little wind-wave energy).  
The existing bank erosion observed in Luce Bayou reflects the interaction of several factors, including 
water level fluctuation, shoreline flow currents, wind waves, boat wake-induced erosion, and 
human/animal disturbance of the shoreline.  Boat wake activity in the immediate vicinity of the outfall 
location is thought to be minimal, due to the difficulties of navigating in the backwater area. 

3.2.5.2.6 Lake Houston 
The hydrology of Lake Houston is characterized by rapidly changing conditions.  During inflow events, 
water residence time can change by orders of magnitude within a matter of hours.  Likewise, the reservoir 
can stratify and destratify over a period of several hours, even during non-summer and at relatively short 
water residence times, given extended periods with warm temperatures and little wind.  The rapidly 
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changing hydrology likely influences erosion in Lake Houston.  See Chapter 2.4 for a more in-depth 
discussion of sedimentation of Lake Houston. 

3.2.5.2.7 Cedar Bayou 
Bank erosion occurs due to normal wind-driven waves, periodic large storm events, subsidence of the 
Galveston Bay region, and wake-induced wave action associated with recreational and commercial 
vessels.  Erosion of the banks of Cedar Bayou is expected to continue, as is stabilization of unprotected 
banks. 

3.3 Hydrology 

3.3.1 Climate, Temperature and Precipitation 
Texas’ climate is strongly influenced by three large geographical features, the Rocky Mountains, the 
central and eastern North American continent, and the Gulf of Mexico (UT Press 2011).  The climate of 
study area is subtropical, with winds typically out of the southeast with an average speed of 10 to 
15 miles per hour (NOAA 2012a), average daily temperatures range from approximately 50 degrees 
Fahrenheit in January to approximately 83 degrees Fahrenheit in July and August.  The average annual 
rainfall is approximately 53 inches and the monthly precipitation averaging from approximately 3 to 
6 inches (RSS Weather 2012; NOAA 2009b). 

The following paragraphs are taken from Ward (2000) Texas Water at the Century’s Turn—perspectives, 
reflections and a comfort bag (Manuscript published after expurgation in Norwine et al (2004) and 
Ward (2009) online at <http://www.utcle.org/eLibrary/preview.php?asset_file_id=22921>).  The State of 
Texas exhibits a wide range of hydro-climatology.  In the study area, streamflow is caused by large scale 
thunderstorms and tropical depressions, so the resulting streamflow is “flashy” (i.e., variable streamflows 
with unpredictable or extreme high and low flow conditions).  In addition, there is a near balance between 
the amount of rainfall received in the area and the amount that evaporates to the atmosphere or gets 
taken up and used by plants.  Streamflow is therefore highly dependent at any one time on the difference 
between rainfall and evaporation—the water source for both runoff to surface water and recharge to 
groundwater and then to surface water.  

Climate is critical to water supply in Texas.  The climate of Texas is determined predominantly by the 
relative interplay among the following four factors (Ward 2000):  

 Prevailing winds that blow from the southwesterly direction including their migratory high and low 
pressure system patterns and perturbations 

 Influx of water vapor from the Gulf of Mexico carried by the easterly limb of the Bermuda High and the 
circulation pattern over land 

 Physiography of Texas and the continent of the United States continent, notably the barrier of the 
Rocky Mountains to the west (i.e., establishing the Continental divide) and the unrestricted coastal 
plain of the Gulf coast to the south and east. 

 Amount of solar radiation received at the land surface dependent on geographic proximity to the 
equator. 

These factors account for one of the dramatic features of the climate of Texas, namely its pronounced 
geographical variation and the resultant conclusions that can be made relative to hydrology and water 
supply: 

1. Precipitation and river flow decline markedly from east to west across the state.  

Precipitation is produced by lifting moist air and generating condensation and discharge as rainfall.  
Annual precipitation rates across Texas vary by six or seven orders of magnitude.  The humid eastern 

http://www.utcle.org/eLibrary/preview.php?asset_file_id=22921
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sections of the state are heavily forested while the western sections of the state are desert.  The isohyets 
of rainfall generally lie along meridians of longitude while the isotherms align mainly along parallels of 
latitude (Ward 2000 and 2009).  The Houston area is generally located on the 30 degrees latitude 
isotherm and the 95 degree longitude meridian and is located in the humid, warm eastern area of the 
state.  Another defining characteristic of Texas water supply is the source of precipitation, viz.  

2. Precipitation is almost entirely rainfall derived from deep convection processes. 

Rainfall rates associated with deep convection processes tend to be higher than those that occur during 
other rain-producing weather systems.  The heaviest precipitation occurs where the rainfall rate is the 
highest for the longest time (definition attributable to C.F. Chappell).  Deep, moist convection normally 
occurs during the warm season when high moisture content (humidity) is present and buoyant instability 
promotes strong upward vertical motions (deep convection).  Heavy precipitation causes flash flooding 
since these types of precipitation events in the Houston area are generally produced by quasi-stationary 
convective systems or when a convective event is of relatively long duration (Ward 2000).  The Houston 
area is subject to frequent hurricanes and tropical storms that affects the freshwater inflow conditions to 
the Galveston Bay watershed.  Hurricane Ike dumped a phenomenal amount of rain on the Galveston 
Bay area as well as precipitating exceptional tidal activity and excessive winds.  One tropical storm with 
12 inches of rain over the 6,000 square mile area of the Galveston Bay is equal to 3.84 million acre feet of 
water over the entire watershed.  Since 1960, there have been over 20 tropical storms or hurricanes that 
hit within 10 miles of Galveston County. 

The implication for water supply management is that rainfall runoff is closely associated with the 
occurrence of heavy precipitation.  Heavy precipitation occurs from deep convection processes and these 
processes cause much of the rainfall in the Houston area during the warm and/or humid seasons of the 
year with the result that precipitation and therefore streamflow patterns are flashy.  The seasonal 
maximum monthly rainfall in the late spring months of the year in Texas results from the interplay 
between mid-latitude westerly winds and the influx of moist, unstable air from the Gulf of Mexico.  During 
the fall months of the year, rainfall occurs from a similar interaction, but also reflects the occurrence of 
tropical disturbances entering Texas mainly from the Atlantic and Gulf of Mexico.  Monthly rainfall is 
produced during isolated storm events of short duration, in effect spikes (or impulses), of rainfall 
(Ward 2000).  Another defining characteristic of Texas water management is the rainfall budget: 

3. On both a statewide and a regional basis, apart from the extreme humid eastern section of the 
state, there is a near balance between precipitation at the land surface and evapotranspiration 
from reservoirs.  

The distribution of the ratio of runoff to rainfall across the state indicates that even in the humid eastern 
portions of the state, only a fraction of the rainfall, about 20 percent on average, appears in the 
drainageways as streamflow.  Therefore, the two sources for water supply, namely runoff and recharge, 
are the difference between two large, nearly equal parameters of precipitation and evapotranspiration.  As 
stated earlier, in Houston and the project area, rainfall averages between 50 and 55 inches per year 
(Ward 2000).  The water budget can change with a slight change in either precipitation or 
evapotranspiration; these slight changes are capable of producing a great change in the amount of runoff 
that enters streams and feeds reservoirs.   

4. Rainfall and runoff are subject to long-period changes due to variations that occur on an annual 
basis at a minimum. 

Texas climate can vary such that there may be years where there is high rainfall and periods or years 
where there is low rainfall in the same geographic area.  This potential for both annual periods of high and 
low rainfall determines the limits of natural water supply for use by humans.  The wide range of flows 
exhibited by any given Texas river is caused by flow “freshets”, which are produced by intense, short 
duration rainfall events.  The temporal limit of these storms is often short compared to the response of the 
watershed that the rainfall event appears like an impulse.  The time variation of the resulting streamflow 
hydrograph is typically a classical impulse-response function.  The spring freshet on the major rivers in 
the east of the state, including the Trinity and San Jacinto Rivers, is a merger of such responses, both in 
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time and with distance down the river channel.  Intense rainfall events produce hydrographs that exceed 
the capacity of the channel resulting in floods and flash floods (Ward 2000). 

Record floods on the major rivers of Texas have occurred and are monitored with gauges maintained by 
the U.S. Geological Survey.  Of recent recorded floods, approximately 50 percent have occurred within 
the last fifteen years.  The October 1994 event in southeast Texas is especially noteworthy because 
climatic factors that occurred were unique and produced a great amount of rainfall exceptional in its 
combination of intensity and duration.  For the San Jacinto River basin, the maximum daily rainfall during 
the October 1994 storm was a one in two-hundred-year event, but the maximum five-day rainfall had a 
return period of 1,300 years.  The peak flow at the U.S. Highway (US) 90 stream gauge on the San 
Jacinto River at 356,000 cubic feet per second exhibited a return period of 2,100 years and the five-day 
cumulative flow was more than 10,000 years (off the charts). 

The opposite end of the flow spectrum is also of recent concern to Texas and has been identified as the 
drought of 2011.  Everywhere in Texas, including the study area, there is a low-flow season or “no-flow” 
season.  For most areas of the state, the drought of record is that which occurred during the 1950s.  This 
event lasted for 6 to 9 years (depending upon the region) and this drought greatly affected all of Texas.  
Riggio et al. (1987) examined shorter-term droughts in Texas, and concluded from an extensive and 
careful analysis of meteorological data that 

“…the occurrence of 6-month and year-long drought has a greater probability of occurring 
than either a near-normal or wet-weather spell for the same time periods.”  

The major source of domestic water supply in the early 1990s in Texas was groundwater.  However, there 
is a short-term limit to the flow that can be economically produced from groundwater and a more basic 
long-term limitation is the rate of recharge of the aquifer.  Once withdrawal exceeds the rate of recharge, 
the volume in storage in the aquifer is depleted.  As the water table drops, further withdrawal becomes 
more difficult, until it is either technologically or economically not feasible.  This is a familiar pattern of 
water usage in Texas in that a reliable groundwater supply is subjected to increasing withdrawal rates 
until the aquifer can no longer meet the demand.  At that point, the groundwater use pattern changes, 
involving adoption of surface water sources to meet demand (Ward 2000).  In many respects, the defining 
feature of Texas water supply has been this consistent usage pattern:  

5. The water supply paradigm involves an increasing overdraft of a groundwater source followed by 
a shift to surface water sources. 

This pattern of water supply source management has repeated across the state, differing only in the 
volume of withdrawals and the time that passed before the demand exceeded the yield of the aquifer, 
motivating the change to a surface supply.  The development of the state’s water resources began at the 
start of the 1900s.  In general, the primary water supply source across the state was groundwater, but at 
some point in time, the demand exceeded the aquifer yield, and surface supplies were then sought.  For 
many of the major cities in Texas, this point occurred early in the 1900s.  For the City of Houston, 
groundwater was an important part of the municipal source until at least the 1950s and later.  The effect 
of groundwater pumpage on the subsurface resource is demonstrated by the behavior of springs 
(Ward 2000). 

Throughout the state, hundreds of springs that were flowing under artesian pressure at the beginning of 
the century are dry at its end.  The need for reservoirs became apparent early in the 20th century.  As 
noted earlier, only minor dams existed in 1900, mainly for waterpower (Taylor 1904).  Several 
municipalities constructed water-supply dams in the first couple of decades of the century, including 
Dallas and Fort Worth.  Major droughts occurred from 1915 to 1918 and from 1925 to 1932 (a.k.a., the 
“Dust Bowl”).  The drought of the 1950s demonstrated water shortages that were unparalleled at that 
time. 

Based on the results of studies conducted, it has been determined that there are pronounced regional 
patterns in the seasonality of the streamflow hydrograph, with little seasonal variation in central Texas 
grading to a strongly seasonal variation in East Texas (Environmental Institute of Houston 2009).  The 
degree of spatial variability in the seasonal pattern of streamflow in east Texas is significantly greater 
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than spatial variation in precipitation.  When considered over a long time scale, the seasonal variation in 
the flow regime of various percentile levels of flow follows a consistent pattern.  When the median flow 
goes down, both high and low flow percentiles reduce proportionately to some extent; this pattern of flow 
is maintained when the median flow increases (both high and low flow percentiles increases).  In addition, 
high and low portions of the flow regime for each river system also exhibit a secondary pattern of 
seasonality.  For the hydrologic conditions present in central Texas, the median flow is the most robust 
streamflow characteristic that is available (i.e., it is most consistently estimated with a given number of 
data values), and it can reasonably be estimated both from daily and from monthly streamflow data 
(Environmental Institute of Houston 2009). 

The temporal variability in water supply, especially a surface-water supply, is dealt with by the 
construction of storage facilities (water supply reservoirs).  Reservoirs can also serve as flood control 
facilities and may also serve a purpose in power generation, although the stated purpose and therefore 
the operation of these reservoirs is limited to water supply.  Reservoirs and dam construction in Texas 
extended for approximately 30 years with the majority of these water supply projects constructed from 
1940 to 1970.  Numerous reservoirs and water conveyance structures have been constructed within the 
San Jacinto River and Trinity River watersheds to provide water to the Houston region, where a reliable 
source of surface water supply is needed to sustain the population and the economy.  The difficulty of 
new reservoir construction is that the most prolific area for reservoirs are located in the relatively 
unpopulated, wet and humid eastern parts of the state (and there is excess water in many of the 
reservoirs located in this region)—however, water is needed in parts of Texas that are more populated 
further to the west of the prolific surface water supply sources.  Fundamentally, excess water will need to 
be transported through interbasin transfers to the drier, more western parts of the state to supply 
municipal/industrial requirements of the more northern and westerly population centers in Texas (e.g., 
Houston, San Antonio, Austin). 

3.3.2 Surface Water Hydrologic Conditions 
Groundwater availability is generally limited in the Trinity and San Jacinto River basins, either by 
subsidence in the coastal areas or by subsurface geology in the upper Trinity River basin.  The primary 
source of surface water in Texas comes from precipitation and stormwater runoff.  These water sources 
discharge to Texas rivers, streams, and reservoirs and provide water supplies for benefit of the public.  
The lack or limitation of groundwater as a source of water has resulted in a reliance on surface water 
sources to meet water supplies.  For over a hundred years, surface water impoundments to control Texas 
rivers have been built to store and supply needed water for residential, industrial, and other uses.  In the 
Trinity and San Jacinto River watersheds, there are 31 impoundments that are over 5,000 acre‐feet in 
size with a total water supply storage capacity of more than 7,000,000 acre‐feet (Figure 3.3.2-1 through 
Figure 3.3.2-3). 

3.3.2.1 Trinity River Basin 
The Trinity River Basin or watershed, covering an area of 17,800 square miles (mi2), has its headwaters 
in northern Texas, approximately 600 miles north of the proposed project.  Population growth and 
economic activity in the Trinity River Basin have necessitated development of water supplies.  In the 
Trinity River watershed, major cities include Dallas and Fort Worth in the upper part and Galveston in the 
lower part along the Gulf of Mexico coastline.  The surface water hydrology of the Trinity River basin has 
been influenced by the construction of dams and reservoirs.  These structures serve to generally trap 
sediments and increase residence time of flood waters which can affect nutrient processing and 
attenuating flood pulses depending on reservoir operations.  Considered long-term, the river’s hydrology 
has likely changed due to reservoir and dam construction, water diversions, increased urbanization of the 
watershed, and wastewater loading as a source of water flows (“return flows”). 

3.3.2.1.1 Trinity River 
The proposed project is located in the lower Trinity River watershed (Figure 3.1-1).  The Trinity River 
flows approximately 638 miles downstream to discharge to Trinity Bay, part of Galveston Bay system 
connected to the Gulf of Mexico.  These impoundments are constructed along the entire length of the 
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Trinity River from Lake Lavon in the upper part of the watershed to Lake Livingston defining the lower 
Trinity River watershed.  The lower Trinity River segment is described as the river reach below Lake 
Livingston that extends to the Wallisville Project (a.k.a., Lake Wallisville or Wallisville Saltwater Barrier).  
Trinity River flows into Galveston Bay through Trinity Bay.  The Wallisville Saltwater Barrier is located, for 
all practical purposes, at the mouth of the Trinity River as it discharges to Trinity Bay.  The lower Trinity 
River watershed is subdivided into the watersheds for three of its tributaries.  These tributary watersheds 
are Gillen Bayou west of the Trinity River, Mud Creek, and Long John Creek.   

Approximately 95 percent of the Trinity River drainage area is upstream of Livingston Dam which was 
constructed in the 1960s.  The upper Trinity River drainage basin includes Lake Lavon, an impoundment 
of the headwaters of the Trinity River that operates as a flood control structure and water supply source.  
Lake Lavon, located in Wylie, Texas, was constructed to supply water to the member cities of the 
North Texas Municipal Water District.  The USACE operates Lake Lavon.  Lake Texoma is a reservoir 
constructed by the USACE on the Red River, the surface water feature that forms the boundary between 
Texas and Oklahoma.  The West Fork of Sister Grove Creek forms a hydrologic connection between the 
Red River and Lake Texoma within the upper Trinity River watershed at its discharge to Lake Lavon.   

The Trinity River basin comprises the majority of the drainage area for Galveston Bay, and contributes 
54 percent of the average freshwater inflow to the estuary systems of Galveston Bay.  Analysis of USGS 
historical peak flow data were used to illustrate hydrological (flow) conditions and variability of flow 
between 1938 to 2009 at the USGS Romayor gauge approximately 30 miles downstream of 
Lake Livingston.  A review of these hydrographs shows that the largest annual peak flow on record is 
122,000 cubic feet per second during the October 19, 1994 flood.  Table 3-9 summarizes the largest 
annual peak flows recorded in the post-dam construction period on the lower Trinity River.  While the 
highest peak flow occurred in 1994, the largest overall flow event occurred during 1990 when peak flows 
occurred over days.  The annual river flow pattern and variation shown by these data illustrate that there 
is a relatively dry season from July through October or November of each year and wetter conditions 
during November to June.  The lower Trinity River area is therefore located within a humid subtropical 
climate and the patterns of flow in the watershed are dictated by climate (precipitation, early summer 
thunderstorms, and the hurricane season). 

Table 3-9:  
Largest Annual Peak Flows Recorded at USGS Romayor Gauge 

Date Flow (cfs) Rank 
10/19/1994 122,000 1 

05/21/1990 105,000 2 

06/15/1973 99,000 3 

11/15/1998 98,600 4 

01/03/1992 85,300 5 

07/02/1989 83,500 6 

11/07/2002 78,100 7 

01/08/1998 77,300 8 

06/11/2001 76,100 9 

06/27/1993 63,800 10 

01/19/1991 63,400 11 

07/02/2004 62,600 12 

04/22/1979 61,500 13 

01/28/1974 59,900 14 

07/20/2007 59,300 15 
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Date Flow (cfs) Rank 
09/25/2005 57,400 16 

06/27/1986 54,200 17 

05/22/1983 52,700 18 

03/13/1997 52,700 18 

04/22/1977 52,300 20 

Trinity River discharge data and statistics based on flow data obtained in the lower river reach at the 
USGS Romayor and Liberty gauging stations are shown below in Table 3-10 below for the 50 year period 
of record from 1969 through 2008.  As expected, stream flow increases downstream and flow variability 
and increased flow during spring months illustrate a higher capacity for moving sediments and nutrients 
and increasing deposition in estuaries during the spring months of the year. 

Table 3-10:  
Discharge Summary for USGS Romayor and Liberty Gauging Stations (in cfs) 

Item 
Romayor 
Discharge 

Liberty 
Discharge 

Liberty 
Water Levels 

Period of Record 1969-2008 1969-2008 1996-2008 

Count 14,610 4,477 1,227 

Mean 8,726.6 22,328.7 19.51 

Median 2,970 19,900 19.76 

Min 292 2,200 9.24 

Max 117,000 130,000 26.61 

Standard Deviation 11,959.1 12,940.2 4.01 

Skew 2.47 1.56 -0.12 

Range 116,708 127,800 17.37 

1st Quartile 1,440 13,000 16.14 

3rd Quartile 11,400 29,000 22.80 

3.3.2.1.2 Lake Livingston 
The reservoir that establishes or defines the geographic location of the lower Trinity River reach is 
Lake Livingston.  Lake Livingston is a water supply reservoir that impounds the river approximately 
148 miles upstream of Trinity Bay and approximately 490 miles downstream of the headwaters of the 
Trinity River.  Lake Livingston is operated by TRA.  TRA is a Texas conservation and reclamation agency 
with the duty of planning for the development and utilization of the soil and water resources of the Trinity 
River watershed with power to engage in water supply, flood and pollution control, sewage transportation 
and treatment, navigation, soil conservation, and other related activities. 

The Livingston Reservoir (i.e., Lake Livingston), owned and operated by the City of Houston and TRA, is 
located approximately 148 miles upstream from the Wallisville Lake or Wallisville Reservoir.  Lake 
Livingston is the largest water supply reservoir in Texas with a drainage area of 16,583 square  miles, 
450 miles of shoreline, a length of 53  miles, an average depth of 23 feet (a maximum depth of 90 feet), 
and a storage capacity of 1,750,000 acre-feet of water at the normal operating pool level of 131.0 feet 
mean sea level (MSL).  The reservoir was constructed in 1969 for water supply including domestic, 
municipal, industrial, and irrigation, although the reservoir and parts of the shoreline are used secondarily 
for recreation.  TRA owns in fee the land underlying Lake Livingston, all islands within the lake, and the 
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shoreline up to elevation 131.0 feet MSL.1  In addition, for the land above 131.0 feet MSL, TRA has a 
flowage easement to address the effects of flooding.  Natural inflow to Lake Livingston determines 
release rates at the spillway, except during low flow periods when downstream water demands govern 
the release rate from the reservoir.  

In the 1950s, the City of Houston acquired water rights in Lake Livingston and the Trinity River to 
impound, divert, or use these State waters for municipal, agricultural, industrial, and recreational uses.  In 
September 1959, the City of Houston and TRA entered into an Agreement regarding water usage to be 
obtained from the Wallisville Project with the resulting contract executed in 1964.  Under the Agreement, 
water released from Lake Livingston would be conveyed in the natural river channel to the Wallisville  
These releases were made to maintain a hydrostatic head of freshwater sufficient to push back the 
saltwater intruding through the Gulf of Mexico into the coastal canal that transports water from Lake 
Livingston to Houston at Liberty, Texas.   

TRA was required to release at least 1,000 cubic feet per second of water, regardless of inflow, during the 
rice irrigation season which extended from May 15 through September 15 of each year.  To put this 
release volume in perspective, 1,000 cubic feet per second for the four month period represents a volume 
of water equivalent to more than 50 percent of the dependable yield of Lake Livingston.   

The TCEQ issues water rights permits to allow use of State water in compliance with Texas Water Code 
(TWC) Section 11.323, Certificate of Adjudication.  The City initially funded the cost of Lake Livingston 
that included TRA’s cost share.  Through financial considerations associated with the 1964 construction 
contract for the Lake Livingston-Wallisville Saltwater Barrier Project, the City of Houston has a preferred 
position relative to purchase of uncommitted water supplies from the lower Trinity River.  The water rights 
described by Permit 1970 are held jointly by the City of Houston and the TRA.  Permit 1970, as amended, 
provides the authorization for Lake Livingston to impound 1,750,000 acre-feet per year on the Trinity 
River and appropriate 1,254,400 acre-feet per year.  The City of Houston has contractual rights to store 
and use at least 70 percent of the storage capacity of Lake Livingston’s for municipal water supply 
purposes.  TRA has contractual rights to store and market the remaining 30 percent of the reservoir’s 
capacity to localities in the vicinity of the reservoir and the lower Trinity River Basin. 

3.3.2.1.3 Capers Ridge 
Capers Ridge is approximately 108 feet in height as measured from the base of the Trinity River.  
Capers Ridge forms the hydrologic divide between the Gillen Bayou watershed to the south and the Mud 
Lake watershed to the north.  Capers Ridge is a notable, approximate 12,000 foot long, east-west 
trending, surface feature (ridge) formed by fluvial processes of the lower Trinity River (i.e., erosional 
remnants of the Trinity River floodplain terrace) and this ridge provides an abrupt hydrologic surface 
water barrier and strongly affects surface water flow patterns in the vicinity.  The flood flow pattern in the 
vicinity of Capers Ridge effectively deflects high velocity flood flows to the east, away from Capers Ridge, 
one reason that the ridge has been resistant to erosion and weathering through time.  Flood waters move 
in a unique pattern near Capers Ridge, secondary currents are generated and the overbank flood water 
are returned to the river during high rates of flooding.   

During persistent flooding of the river, flood waters are projected at relatively high velocities to the outside 
meander bend of the Trinity River and also back in the direction of the center of the river channel.  These 
hydrologic flow effects are caused by the presence of Capers Ridge.  Drainage patterns are influenced by 
the flat terrain and there is little topographic relief except north of Gillen Bayou where Capers Ridge 
extends at least 60 feet above the surrounding land surface. 

Studies and models of the Trinity River evaluated flow patterns over a wide range of flow scenarios in an 
attempt to understand the hydrology of the lower Trinity River near Capers Ridge.  The results of the 
studies conducted indicate that Capers Ridge strongly influences the flow regime of the lower Trinity 
River. 

                                                      
1  See Cooperative filing of May 5, 2010. 
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From Capers Ridge, when the lower Trinity River is in flood stage and overtops its banks, these flood 
waters are directed to the north and re-enter the Trinity River at Mud Creek, north of Capers Ridge.  
Analyses of USGS historical peak water flow data collected from the lower Trinity River were used to 
provide an understanding of how water levels in the river naturally fluctuate based on precipitation and 
upstream reservoir releases.  The maximum and minimum water levels of the lower Trinity River obtained 
through modeling and water level data near Capers Ridge are 16.1 feet and 44.7 feet above MSL, 
respectively.  Studies of the hydraulic conditions and how sediments are transported within the lower 
Trinity River were also conducted for the area near Capers Ridge (Baird 2011).  

3.3.2.1.4 Lake Wallisville 
The Wallisville Salt Water Barrier (“Wallisville Project”) is operated by the Corps of Engineers and is 
located at the mouth of the Trinity River.  Lake Wallisville is formed by the low dam constructed on the 
lower Trinity River that is approximately 40,000 feet in length.  The Chambers-Liberty Counties Navigation 
District, a party to the construction contract with the Corps of Engineers, has a wide interest in navigation 
and related activities in the Trinity and Galveston Bay areas.  The reservoir created by the Wallisville Dam 
is required for the impoundment of the water pending its transfer into the various water distribution 
systems.  By conserving the rainfall runoff from the Trinity watershed below Lake Livingston and 
operating the Livingston and Wallisville Reservoirs as a single system, an additional yield of 133 million 
gallons of water daily is obtained for municipal, industrial, and other uses.  If operated independently, 
Lake Wallisville would have a dependable yield of 28 million gallons daily from the uncontrolled drainage 
area between the two reservoirs.  Lake Wallisville is 125 miles downstream of Lake Livingston Dam.  
Considering these facts, Lake Wallisville and Lake Livingston both play an important role in water 
resources development and conservation in the lower Trinity River.   

The City of Houston contracted with the Corps of Engineers for the use of the reservoir created by the 
Wallisville Dam and to allow the reservoir to serve as a transfer point for a part of the City’s water supply.  
Extensive conveyance facilities have been constructed to convey water from the Wallisville Reservoir to 
the City of Houston facilities for treatment and distribution.  Without the operation of the Wallisville 
Saltwater Barrier, tidal fluctuations from Galveston Bay would extend up Trinity River to the USGS Liberty 
gauge located approximately 120 miles upstream of the Trinity River delta (Baird 2010).   

The joint operation of Lake Livingston and Lake Wallisville are an integral part of the lower Trinity River 
water supply system (FERC 2011 and Certificate of Adjudication 08-4261 and Certificate of 
Adjudication 08-4248 issued to the City of Houston in conjunction with the TRA). 

3.3.2.1.5 Galveston Bay 
Galveston Bay and the Galveston Bay watershed encompass approximately 32,800 square  miles.  
Galveston Bay watershed extends from North Central Texas near Oklahoma to the Gulf of Mexico, a 
straight distance of 360 miles.  Galveston Bay itself covers approximately 600 square  miles, is 30 miles 
long and 17 miles wide with 230 miles for shoreline, and averages 7 to 9 feet deep.  The average volume 
of water in Galveston Bay is estimated to be 2.7 billion cubic meters.  Galveston Bay, which includes 
Trinity Bay, is located in southeast Texas, in the vicinity of the Houston-Galveston metropolitan area.  
Galveston Bay is a lagoon-type estuary, separated from the Gulf of Mexico by Galveston Island.  Using 
data from the National Estuarine Inventory (Nichols 1989) calculated the ratio between the water volume 
of Galveston Bay and average annual freshwater inflow as 0.2 and calculated that the average residence 
time in Galveston Bay is 40 days (Nichols 1989).   

Ward and Armstrong (1992) summarize the inflow to Galveston Bay as follows:  The principal inflows to 
the Galveston Bay system are the Trinity River and the San Jacinto River.  In addition, there are 
numerous minor tributaries which drain the watershed of the bay and can be locally important as fresh 
water sources.  The flow of the Trinity River dominates the hydrography of Galveston Bay, and the 
variation of this inflow is central to the effect of inflow on the bay system.  The normal pattern of Trinity 
River flow exhibits an annual “flood” and an annual “drought.” The flood is the spring freshet, the period of 
maximum river flow, typically April and May, and the drought is the summer low-flow season extending 
from July through October.  There is, however, considerable interannual variability in the river flow.  The 
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watersheds in the periphery of Galveston Bay (in contradistinction to the Trinity which extends well into 
North Texas) can exhibit a fall maximum in rainfall as well as the spring, due to the interaction of mid-
latitude frontal systems with Gulf moisture during this season and due to occasional tropical systems 
making landfall on the upper coast.  While the runoff is intense locally, its cumulative volume-except in 
rare instances-is still subordinate to that of the Trinity River. 

The Trinity River contributes surface water from approximately 54 percent of the watershed to Galveston 
Bay as the Trinity River drains approximately 17,800 square miles of area (Table 3-8).  The San Jacinto 
River constitutes about 17 percent to the Galveston Bay drainage area (5,400 square miles) and the 
remaining 29 percent (9,600 square miles) of surface drainage to Galveston Bay is from smaller coastal 
watersheds.  

Local hydrographic modifications have been made within the Galveston Bay system since the late 1800s, 
the largest being the construction of the Houston Ship Channel.  Other hydrologic changes to the system 
include adjacent side navigation and ship channels and the construction of the Gulf Intracoastal 
Waterway (GIWW).  Bridges, bulkheads, dredged and filled areas, and industrial plants are also 
numerous along the western shore of Galveston Bay.  Galveston Bay has three inlets at the Gulf of 
Mexico: Bolivar Roads (at the exit to the channelized portion of the San Jacinto River or the Houston Ship 
Channel) between Galveston Island and the Bolivar Peninsula, San Luis Pass to the west and Rollover 
Pass to the east.  The Gulf Intracoastal Waterway, a navigable waterway consisting of natural islands and 
man-made canals along the Gulf Coast, is between Galveston Bay and the Gulf of Mexico and generally 
marks the boundary between the bay and gulf (TCEQ 2010).   

3.3.2.2 San Jacinto River Basin 
The San Jacinto River Basin or watershed, covering an area of 5,600 square miles (m2), has its 
headwaters in northern Texas, approximately 100 miles north of the Houston Ship Channel and 
Galveston Bay.  The LBITP is located in the Houston-Galveston metropolitan region.  Luce Bayou is a 
tributary of the East Fork of the San Jacinto River that flows into Lake Houston and, based on surface 
water elevation data, can be considered part of the Lake Houston conservation pool.  Lake Houston is 
impounded by Lake Houston Dam on the San Jacinto River in Harris County, Texas, is owned by the City 
of Houston, and is the primary drinking water supply source for Houston and the surrounding areas.  
Construction of Lake Houston Dam was completed in 1954 and the Lake Houston reservoir has a surface 
area of 19 square miles. 

3.3.2.2.1 San Jacinto River 
In the study area, the two main tributaries of the San Jacinto River are the East Fork and West Fork.  
Major tributaries to the West Fork are Cypress Creek, Spring Creek, and Lake Creek.  Major tributaries to 
the East Fork are Peach Creek, Caney Creek, and Luce Bayou.   

3.3.2.2.2 Luce Bayou 
Luce Bayou is a tributary of the East Fork of the San Jacinto River that flows into Lake Houston and, 
based on surface water elevation data, can be considered part of the Lake Houston conservation pool.  
Hydraulic and sediment transport analyses for Lake Houston near the confluence with Luce Bayou were 
performed (Baird 2011, Appendix I).  Analyses of USGS historical peak flow data collected from the 
USGS Huffman gauge located near the bridge across Lake Houston provides an understanding of 
potential water level fluctuations in the area.  The maximum and minimum water levels near the 
confluence of Luce Bayou and Lake Houston are 40.11 feet and 49.26 feet above MSL, respectively. 

3.3.2.2.3 Lake Houston 
Planning for a City water supply reservoir began in the late 1930s, and in 1954 the Lake Houston 
reservoir was developed by damming the East Fork of the San Jacinto River.  A dam on the Trinity River 
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created Lake Livingston by 1969, and another dam on the San Jacinto River north of Lake Houston 
created Lake Conroe.   

Lake Houston serves as a public water supply reservoir and its storage capacity is approximately 133,990 
acre-feet based on the average depth of 12 feet and a surface area of approximately 11,854 acres.  The 
drainage basin for Lake Houston is comprised of portions of seven counties, and the sub-basins and 
tributaries that contribute runoff to Lake Houston are home to approximately 1 million people.  The 
Cypress Creek watershed, located in Lake Houston’s western sub-basin, drains approximately 
305 square miles and has been the most densely populated of the watersheds contributing to the lake in 
recent years.  The East Fork San Jacinto River sub-basin drains approximately 404 square miles on the 
eastern side of the lake and has been the least densely populated area as identified in recent studies 
(TCEQ 2011). 

Lake Houston circulation and flow patterns are influenced by discharges that occur to the East Fork of the 
San Jacinto River.  Analyses of USGS historical peak flow data obtained between the years 1990 and 
2008 were obtained from the USGS Huffman gauge immediately upstream of Lake Houston at FM 1960 
indicate that the largest annual peak flow on record is 37,000 cubic feet per second after these data are 
adjusted for the anomalous peak flow data from the 1994 San Jacinto River Flood. 

The water levels at Lake Houston were analyzed with water level data collected by the USGS for 
Lake Houston being converted to water surface elevations.  Based on these studies, the maximum and 
minimum water levels have been estimated as 40.11 and 49.26 feet (above MSL), respectively, near the 
confluence of Luce Bayou and Lake Houston.  The average water level at Lake Houston has been 
calculated to be approximately 44.1 feet MSL.   

Analysis of USGS historical peak flow data from 1990 to 2008 at the USGS Huffman gauge near 
FM 2100 as it crosses Lake Houston shows that the largest annual peak flow on record is 23,000 
cubic feet per second (Table 3-11).  Observed water level data for Lake Houston from the USGS Huffman 
gauging station were converted to water level elevations for the period of reliable measurement 
(1996 through 2008) with the maximum and minimum water levels are 40.11 and 49.26 feet above MSL, 
respectively.  Table 3-11 reflects discharge flow rates at Luce Bayou near Lake Houston.  

Table 3-11:  
Discharge Summary Luce Bayou at USGS Huffman Gauge (in cfs) 

Period of Record 1990-2008 

Count (Number) 6,913 

Mean (Average) 197.1 

Median 9.6 

Minimum 0 

Maximum 23,000 

Hydraulic and sediment transport analyses for Lake Houston near the confluence with Luce Bayou were 
performed (Baird 2011).  Analyses of USGS historical peak flow data collected from the USGS Huffman 
gauge located near the bridge across Lake Houston provides an understanding of potential water level 
fluctuations in the area.  The maximum and minimum water levels near the confluence of Luce Bayou and 
Lake Houston are 40.11 feet and 49.26 feet above MSL, respectively. 

3.3.2.2.4 Cedar Bayou 
The headwaters of Cedar Bayou above begins south of the Alternative 3A ROW in areas of agricultural 
production.  Cedar Bayou flows through southeast Texas coastal plains and crosses through woods, 
lagoons, and marshes.  The bayou meanders through flat terrain with local shallow depressions, surfaced 
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by sands and clays that sustain post oak and loblolly pine forests.  The Cedar Bayou watershed is in 
Harris, Chambers and Liberty Counties and covers approximately 202 square miles, with 128 miles of 
open streams that drain into the Galveston Bay System.  Cedar Bayou forms a boundary between Harris, 
Chambers, and Liberty Counties and is located in the Trinity-San Jacinto River Coastal Basin (Basin 09).  
Much of Cedar Bayou’s floodplain and primary stream is environmentally sensitive.  TPWD considers the 
area around the mouth of Cedar Bayou to be critical for wildlife habitat. 

3.4 Surface Water Resources and Quality 
The 2010 Texas Integrated Report for Clean Water Act Sections 305(b) and 303(d) provides information 
about the assessed quality of Texas' surface waters as reported in 2010.  This information is sometimes 
referred to as the 305(b) Report and the 303(d) List, or as the Integrated Report 
(<http://www.tceq.texas.gov/waterquality/assessment/10twqi>).  The Integrated Report describes the 
status of the state’s waters, as required by Sections 305(b) and 303(d) of the federal Clean Water Act and 
summarizes the status of the state’s surface waters, including concerns for public health, fitness for use 
by aquatic species and other wildlife, and specific pollutants and their possible sources.  The list was 
submitted to the U.S. Environmental Protection Agency (EPA) on September 17, 2010 and was approved 
by the EPA on November 18, 2011.  The EPA's final approval letter to the TCEQ and supporting 
documentation can be found on the following EPA web page 
(<http://www.epa.gov/region6/region-6/tx/tx_303d.html>). 

3.4.1 Trinity River Basin 
Four forks of the Trinity River drain a large portion of north central Texas before merging into a single 
stream that flows south-southeastward and discharges into Trinity Bay on the Texas coast.  The TCEQ 
routinely monitors surface water quality in the state and conducts biannual assessments to comply with 
the Clean Water Act, Section 305(b).  The status of the Texas surface water quality is reported to EPA in 
The State of Texas Surface Water Quality Inventory, known as the 305(b) Report, published every two 
years.  Sources for the data include the TCEQ Surface Water Quality Monitoring Program fixed-station 
network, the USGS Texas Water Quality Monitoring Network, and data collected through the Clean Rivers 
Program (CRP).  The biennial 305(b) assessment results in identification of those surface water 
resources not meeting their designated uses.  According to the Clean Water Act, waters not meeting their 
intended use are listed as impaired water bodies in reference to the Clean Water Act Section 303(d). 

The Trinity River Basin, identified as Basin 8, consists of several surface water resources divided into a 
total of three main classified segments for the lower Trinity River watershed within the study area.  
Table 3-3 identifies each segment and associated pollutants or water quality conditions that assessment 
procedures indicate do not meet assigned water quality standards in one or more locations of the water 
body segment.  Section 305(b) of the Clean Water Act requires each state to provide a description of the 
water quality of all navigable waters in the state and detailed assessments of water body health, 
causes/sources of pollution, and strategies to meet water quality criteria.  In Texas, Segment 0802 met its 
designated uses according to the 305(b) Report published and submitted to the U.S. EPA in 2010 and 
approved by the EPA on November 18, 2011, include uses established by the state for contact recreation, 
aquatic life use, water supply, other general uses, and fish consumption (TCEQ 2010).  Surface water 
resources in the vicinity of the study area include a number of small named and unnamed unclassified 
streams, small named and unnamed impoundments, and Cedar Bayou above Tidal (Segment 0902 of the 
Trinity-San Jacinto Coastal Basin). 

Alternative 3A ROW, Alternative 4 and Alternative 6 include several surface water resources within the 
Trinity River Basin (Basin 8) and San Jacinto River Basin (Basin 10) identified by unique stream segment 
numbers assigned by the State of Texas.  Alternatives 4 and 6 cross Cedar Bayou.  The following 
sections provide more detailed information for the major surface water features that are identified in the 
vicinity of Alternatives 3A, 4 and 6. 

http://www.tceq.texas.gov/waterquality/assessment/10twqi
http://www.epa.gov/region6/region-6/tx/tx_303d.html
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3.4.1.1 Water Quality 
The lower Trinity River Basin is identified as Basin 8.  Table 3-12 identifies each segment and associated 
pollutants or water quality conditions that assessment procedures indicate do not meet assigned water 
quality standards in one or more locations of the water body segment.  Segments in the lower Trinity 
River Watershed include Trinity River Tidal (Segment 0801), Trinity River Below Lake Livingston 
(Segment 0802), and Lake Livingston (Segment 0803). 

Table 3-12:   
Lower Trinity River (Basin 8) Water Quality 

Segment Number Segment Name Water Quality Parameters* of Concern 

0801C Cotton Bayou, unclassified water body Bacteria, depressed dissolved oxygen 

0803 Lake Livingston pH and sulfate 

* Pollutants or water quality conditions that assessment procedures indicate do not meet assigned water quality standards in one or 
more locations of the water body segment. 
Source: TCEQ’s 2010 Texas Integrated Report – Texas 303(d) List (November 11, 2011), (TCEQ 2011) 

TCEQ routinely monitors surface water quality in the state and conducts biannual assessments to comply 
with the Clean Water Act (CWA), Section 305(b).  The status of the Texas surface water quality is 
reported to the U.S. Environmental Protection Agency (EPA) in The State of Texas Surface Water Quality 
Inventory, known as the 305(b) Report, published every two years.  Sources for the data include the 
TCEQ Surface Water Quality Monitoring Program fixed-station network, the U. S. Geological Survey 
(USGS) Texas Water Quality Monitoring Network, and data collected through the Clean Rivers Program 
(CRP).  The biennial 305(b) assessment results in identification of those surface water resources not 
meeting their designated uses.  According to the Clean Water Act (CWA) waters not meeting their 
intended use are listed as impaired water bodies on the 303d list in reference to the CWA, Section 
303(d).  The four major water use categories are contact recreation (swimming), public water supply, 
aquatic life use, and fish and shellfish (oyster) consumption.  The standards for aquatic life use are 
intended to protect aquatic species and propagation of aquatic and terrestrial species, establish optimal 
conditions for the support of aquatic life, and define indicators used to measure whether these conditions 
are met.  The contact recreation use standard measures the amount of certain bacteria in water which 
suggests the relative risk of swimming or other water sports in direct contact with water.  Public water 
supply use standards indicate whether water from a lake or river is suitable for use as a source for a 
public water supply system.  Fish consumption use standards are intended to protect the public from 
consuming fish or shellfish that may be contaminated by pollutants in the water (TCEQ 2011a). 

Segment 0802 (Trinity River Below Lake Livingston) meets its designated uses according to the 2010 
305(b) Report, which includes contact recreation, aquatic life use, water supply, general uses, and fish 
consumption.  Segment 0803 (Lake Livingston) does not meet its designated uses for pH and sulfate 
according to the 2010 305(b) Report.  The 2010 305(b) Report lists bacteria and depressed dissolved 
oxygen for Segment 0801C (Cotton Bayou, unclassified water body).  In the vicinity of the proposed 
Alternative 3A, a number of named and unnamed, unclassified tributaries to the lower Trinity River as well 
as named and unnamed impoundments, are primarily used for irrigation or drainage.     

3.4.1.2 Recreation and Navigation 
The lower Trinity River supplies the shallow (6-foot draft) cargo Port of Liberty, Texas.  The Wallisville 
Saltwater Barrier, which includes a lock system for navigation, maintains the water depth and freshwater 
quality in the lower Trinity River.  Barges travel across a dredged canal along the eastern coast of Trinity 
Bay from the Port of Liberty to the Intracoastal Waterway.  This canal connects to the Houston Ship 
Channel west of Smith Point (Region H, 2010).  Recreational opportunities associated with Trinity River 
Tidal (Segment 0801) are boating and water sports, camping and picnicking, and nature and wildlife 
viewing.   
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This waterway, which supports contact recreation, high aquatic life and biological function uses, is an 
extensive freshwater wetland habitat and a prime spawning area for striped bass restoration 
(Region H RWP 2010).  Recreational opportunities associated with Trinity River below Lake Livingston 
(Segment 0802) are boating and water sports, camping and picnicking, and nature and wildlife viewing.  
This waterway, which supports noncontact recreation, high aquatic life, public water supply, biological 
function and acquisition/mitigation/governmental open space uses, is prime spawning area for striped 
bass restoration and has unique state holdings with Davis Hill State Park (Region H, 2010).  In addition, 
generally in Liberty County, hunting is a seasonal sport whereby bird and deer leases proximal to 
agricultural fields and relatively large or contiguous forested areas provide recreational opportunities to 
area hunters generally through the winter months of the year. 

3.4.2 Lake Livingston 

3.4.2.1 Recreation and Navigation 
Recreational opportunities associated with Lake Livingston (Segment 0803) are boating and water sports, 
camping and picnicking, fishing, and nature and wildlife viewing.  This waterway, which supports contact 
recreation, high aquatic life, public water supply, biological function, unique communities, municipal, 
industry, irrigation, and recreation, is a paddlefish stocking area (Region H, 2010).  In addition, hunting is 
a seasonal sport whereby bird and deer leases proximal to agricultural fields and relatively large or 
contiguous forested areas provide recreational opportunities to area hunters generally through the winter 
months of the year. 

3.4.3 Capers Ridge 
The proposed Capers Ridge Pump Station is located within Segment 0802 of the Trinity River Basin 
(Texas River Basin 8).  This segment is lightly populated and is primarily a rural and agricultural area.  
Segment 0802 extends southeasterly approximately 153 river miles (RM) from the Lake Livingston Dam 
to the boundary of Segment 0801 of the Trinity River Tidal, located south of U.S. 90 in Liberty County 
(TCEQ 2010).   

3.4.3.1 Recreation and Navigation 
Recreational opportunities associated with Segment 0802 which includes Capers Ridge are boating and 
water sports, camping and picnicking, and nature and wildlife viewing.  This waterway, which supports 
noncontact recreation, high aquatic life, public water supply, biological function and 
acquisition/mitigation/governmental open space uses, is prime spawning area for striped bass restoration 
and has unique state holdings with Davis Hill State Park (Region H, 2010).  In addition, in Liberty County, 
hunting is a seasonal sport whereby bird and deer leases proximal to agricultural fields and relatively 
large or contiguous forested areas within or along the floodplain of the Trinity River provide recreational 
opportunities to area hunters generally through the winter months of the year. 

3.4.4 Wallisville Lake 
In 1952 efforts began to construct a saltwater barrier or reservoir at Wallisville.  The intended purposes of 
constructing Lake Wallisville were salinity control, navigation, fish and wildlife enhancement, water 
supply, and recreation.  Since no impounded reservoir is on Wallisville Lake, streams, swamps, marshes 
and bottomland forests remain as natural habitats for an array of fish and aquatic animals.  Through the 
use of a saltwater barrier, a navigational lock and a control structure used to regulate water during low 
flows and drought on the Trinity River, the upstream movement of a saltwater wedge is prevented to 
ensure fresh water conservation and protection of fresh water intakes for local municipalities such as the 
City of Houston. 
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3.4.4.1 Recreation and Navigation  
Recreational opportunities associated with the Wallisville Reservoir are boating and water sports, fishing, 
hunting, nature and wildlife viewing, and exhibit center.  This waterway supports municipal, industry, and 
irrigation (Region H, 2010).  In addition, in Liberty and Chambers Counties, hunting is a seasonal sport 
whereby bird and deer leases proximal to agricultural fields, near relatively large or contiguous forested 
areas, within oxbows, bayous, or along the floodplain of the Trinity River (in some cases, within the 
National Wildlife Refuge System) provide recreational opportunities to area hunters generally through the 
winter months of the year. 

3.4.5 Galveston Bay 
Galveston Bay covers approximately 600 square miles (1,500 km²), and is 30 miles (50 km) long and 
17 miles (27 km) wide.  Upper Galveston Bay (Segment 2421 of the Bays and Estuaries) ultimately 
receives flows from the Trinity River Basin (Basin 10) via the Houston Ship Channel.  Galveston Bay is on 
average 7 to 9 feet (3 m) deep.  The bay has three inlets at the Gulf of Mexico: Bolivar Roads (the exit of 
the Houston Ship Channel) between Galveston Island and the Bolivar Peninsula, San Luis Pass to the 
west and Rollover Pass to the east.  The Gulf Intracoastal Waterway, a navigable waterway consisting of 
natural islands and man-made canals along the Gulf Coast, runs between Galveston Bay and the Gulf of 
Mexico and generally marks the boundary between the Bay and Gulf (TCEQ 2010). 

The Galveston Bay estuary provides habitat for a diversity of resident and migratory bird and terrestrial 
species and aquatic species, recreational and tourism use, employment for fishermen and the tourism 
industry, and serves as the gateway to the second busiest port in the United States 
(Region H Water Plan 2011).   

3.4.5.1 Water Quality 
Uses established by the TCEQ (“designated” uses) for Segment 2421 include aquatic life use, contact 
recreation, general use, oyster waters, and fish consumption.  Although there are some concerns for 
screening levels of nutrients, Segment 2421 meets its designated uses except for use by oysters and 
warnings to restrict fish consumption in some portions of Segment 2421 due to dioxin and PCBs in fish 
tissue (TCEQ 2010). 

The Galveston Bay has a high density of water quality monitoring stations with a significant amount of 
water quality data.  The basin receives major water flows from the Houston metropolitan area, as well as 
discharge routes for municipal and industrial wastewater treatment facilities.  Galveston Bay is affected by 
discharge of pollutants from permitted and non-permitted sources and stormwater runoff as well as 
weather (rainfall, drought, temperature) and storm-related (thunderstorm and hurricane) precipitation 
(GBEP 2002).  Table 3-13 identifies each segment and associated pollutants or water quality conditions 
that assessment procedures indicate do not meet assigned water quality standards in one or more 
locations of the water body segment. 

Table 3-13:   
Galveston Bay Water Quality 

Segment 
Number Segment Name Water Quality Parameters* of Concern 

0702 Intracoastal Waterway Tidal Dioxin and PCBs in edible tissue 

0901 Cedar Bayou Tidal Dioxin and PCBs in edible tissue, bacteria 

1101 Clear Creek Tidal Dioxin and PCBs in edible tissue 

1101A Magnolia Creek, unclassified water body Bacteria 

1101C Cow Bayou, unclassified water body Bacteria 
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Segment 
Number Segment Name Water Quality Parameters* of Concern 

1101E Unnamed Tributary of Clear Creek Tidal, 
unclassified water body Bacteria, depressed dissolved oxygen 

1102 Clear Creek Above Tidal PCBs in edible tissue 

1102G Unnamed Tributary of Mary’s Creek, 
unclassified water body Bacteria 

1103 Dickinson Bayou Tidal Bacteria, depressed dissolved oxygen, dioxin and 
PCBs in edible tissue 

1103A Bensons Bayou, unclassified water body Bacteria 

1103B Bordens Gully, unclassified water body Bacteria 

1103C Geisler Bayou, unclassified water body Bacteria, depressed dissolved oxygen 

1103D Gum Bayou, unclassified water body Bacteria 

1103E Cedar Creek, unclassified water body Bacteria 

1104 Dickinson Bayou Above Tidal Bacteria, depressed dissolved oxygen 

1107 Chocolate Bayou Tidal Bacteria, dioxin and PCBs in edible tissue 

1113 Armand Bayou Tidal Depressed dissolved oxygen, dioxin and PCBs in 
edible tissue 

1113A Armand Bayou Above Tidal, unclassified 
water body Bacteria, depressed dissolved oxygen 

1113B Horsepen Bayou Tidal, unclassified water 
body Bacteria 

1113C Unnamed Tributary to Horsepen Bayou, 
unclassified water body  Bacteria 

1113D Willow Springs Bayou, unclassified water 
body Bacteria 

2421 Upper Galveston Bay Dioxin and PCBs in edible tissue 

2421A Clear Lake Channel, unclassified water body Dioxin and PCBs in edible tissue 

2422 Trinity Bay Dioxin and PCBs in edible tissue 

2422B Double Bayou West Fork, unclassified water 
body 

Bacteria, depressed dissolved oxygen, dioxin and 
PCBs in edible tissue 

2422D Double Bayou East Fork, unclassified water 
body  Dioxin and PCBs in edible tissue 

2423 East Bay Dioxin and PCBs in edible tissue 

2423A Oyster Bayou, unclassified water body Dioxin and PCBs in edible tissue 

2424 West Bay Dioxin and PCBs in edible tissue 

2424A Highland Bayou, unclassified water body Bacteria, depressed dissolved oxygen, dioxin and 
PCBs in edible tissue 

2424C Marchand Bayou, unclassified water body Bacteria, depressed dissolved oxygen 
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Segment 
Number Segment Name Water Quality Parameters* of Concern 

2424D Offatts Bayou, unclassified water body  Dioxin and PCBs in edible tissue 

2425 Clear Lake Dioxin and PCBs in edible tissue 

2425A Taylor Lake, unclassified water body Dioxin and PCBs in edible tissue 

2425B Jarbo Bayou, unclassified water body Bacteria, dioxin and PCBs in edible tissue 

2425D Taylor Bayou, unclassified water body Dioxin and PCBs in edible tissue 

2426 Tabbs Bay Dioxin and PCBs in edible tissue 

2426C Goose Creek Tidal, unclassified water body Dioxin and PCBs in edible tissue 

2427 San Jacinto Bay Dioxin and PCBs in edible tissue 

2428 Black Duck Bay Dioxin and PCBs in edible tissue 

2429 Scott Bay Dioxin and PCBs in edible tissue 

2430 Burnett Bay Dioxin and PCBs in edible tissue 

2430A Crystal Bay, unclassified water body Dioxin and PCBs in edible tissue 

2431 Moses Lake Dioxin and PCBs in edible tissue 

2431A Moses Bayou, unclassified water body Dioxin and PCBs in edible tissue 

2432 Chocolate Bay Dioxin and PCBs in edible tissue 

2432C Halls Bayou Tidal, unclassified water body  Dioxin and PCBs in edible tissue 

2436 Barbours Cut Dioxin and PCBs in edible tissue 

2437 Texas City Ship Channel Dioxin and PCBs in edible tissue 

2438 Bayport Channel Dioxin and PCBs in edible tissue 

2439 Lower Galveston Bay Dioxin and PCBs in edible tissue 

2501 Gulf of Mexico Mercury in edible tissue, bacteria 

* Pollutants or water quality conditions that assessment procedures indicate do not meet assigned water quality standards in one 
or more locations of the water body segment.  TCEQ’s 2010 Texas Integrated Report – Texas 303(d) List (November 11, 2011). 

3.4.5.2 Recreation and Navigation 
Recreational opportunities associated with Upper Galveston Bay (Segment 2421) are boating and water 
sports, camping and picnicking, hunting, and nature and wildlife viewing although fishing is not 
recommended in this area.  This waterway supports contact recreation, high aquatic life, and oyster 
waters (Region H, 2010).  

Recreational opportunities associated with Trinity Bay (Segment 2422) are boating and water sports, 
camping and picnicking, fishing, and nature and wildlife viewing.  This waterway supports contact 
recreation, high aquatic life, and oyster waters (Region H, 2010). The Texas Department of 
Transportation recognizes the Port of Anahuac on the Trinity Bay as a recreational port that is located in a 
tidal area and does not require freshwater flows to maintain navigability (Region H, 2010). 

Recreational opportunities associated with East Bay (Segment 2423) are boating and water sports, 
fishing, and nature and wildlife viewing.  This waterway supports contact recreation, high aquatic life, and 
oyster waters and includes Anahuac National Wildlife Refuge (Region H, 2010).  
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Recreational opportunities associated with West Bay (Segment 2424) are boating and water sports, 
camping and picnicking, fishing, and nature and wildlife viewing.  This waterway supports contact 
recreation, high aquatic life, and oyster waters and includes land owned or managed within the National 
Wildlife Refuge (Region H 2010).  In addition, generally in Liberty and Chambers Counties, hunting is a 
seasonal sport whereby bird and deer leases proximal to agricultural fields, near relatively large or 
contiguous forested areas, within oxbows, bayous, or along the floodplain of the Trinity River (in some 
cases, within the National Wildlife Refuge System) provide recreational opportunities to area hunters 
generally through the winter months of the year. 

3.4.6 San Jacinto River Basin 

3.4.6.1 San Jacinto River 
San Jacinto River Tidal (Segment 1001) supports contact recreation and high aquatic life uses 
(Region H 2010).  The Houston Ship Channel connects maritime vessels with the Port of Houston and 
industries located along Buffalo Bayou.  The channel begins at the mouth of Galveston Bay and 
continues north past the Barbours Cut Terminal and Bayport Industrial Complex, into the San Jacinto 
River and Buffalo Bayou, ending at the Port of Houston Turning Basin.  Ship channels serving the Port of 
Galveston and the Port of Texas City branch off from the main channel on the northwestern side of 
Galveston Island, and the system connects with the Gulf Intracoastal Waterway at that point as well.  The 
respective port authorities and the Corps of Engineers maintain the ship channels at a depth of 45 feet to 
serve deep-draft vessels.  Although the entire length of the Ship Channel is tidally influenced, there is 
some concern that the deep dredging may influence the salinity of the shallow Galveston Bay estuary, 
which averages 7 feet deep, particularly during drought periods. (Region H 2010).  

3.4.6.1.1 Water Quality 
The San Jacinto River Basin, identified as Basin 10, consists of water resources divided into a total of 17 
classified segments.  In comparison to most watersheds in the state, the basin has a high density of water 
quality monitoring stations and, correspondingly, has a significant amount of water quality data.  The 
basin includes major water supplies to the Houston metropolitan area, as well as discharge routes for 
municipal and industrial wastewater treatment facilities.  Table 3-14 identifies each segment, including 
unclassified segments, and associated pollutants or water quality conditions that assessment procedures 
indicate do not meet assigned water quality standards in one or more locations of the water body 
segment.  An Implementation Plan to address 72 Total Maximum Daily Loads for bacteria in the 
Houston-Galveston region has been developed and submitted to the TCEQ.  Sub-basins within 
Segment 1002 of the San Jacinto River Basin located east of Lake Houston and in the vicinity of the 
Alternative 3A ROW include Tarkington Bayou (Segment 1002A) and Luce Bayou (Segment 1002B). 

Table 3-14:   
San Jacinto River (Basin 10) Water Quality 

Segment Number Segment Name Water Quality Parameters* of Concern 
1001 San Jacinto River Tidal Dioxin and PCBs in edible tissue 
1002 Lake Houston Bacteria  
1003 East Fork San Jacinto River Bacteria 
1004 West Fork San Jacinto River Bacteria 

1004D Crystal Creek, unclassified water body Bacteria 
1004E Stewarts Creek, unclassified water body Bacteria 
1005 Houston Ship Channel/San Jacinto River Tidal Dioxin and PCBs in edible tissue 

1006 Houston Ship Channel Tidal 
Dioxin and PCBs in edible tissue; bacteria; 
mercury in water; toxicity in sediment; 
depressed dissolved oxygen 
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Segment Number Segment Name Water Quality Parameters* of Concern 
1006D Halls Bayou, unclassified water body Bacteria 

1006F Big Gulch Above Tidal, unclassified water 
body Bacteria 

1006H Spring Gully Above Tidal, unclassified water 
body Bacteria 

1006I, 1006J Unnamed Tributaries of Halls Bayou  Bacteria 

1007 Houston Ship Channel/Buffalo Bayou Tidal Dioxin and PCBs in edible tissue; bacteria; 
toxicity in sediment 

1007A Canal C-147 Tributary of Sims Bayou Above 
Tidal, unclassified water body Bacteria 

1007B Brays Bayou Above Tidal, unclassified water 
body Bacteria 

1007C Keegans Bayou Above Tidal, unclassified 
water body Bacteria 

1007D Sims Bayou Above Tidal, unclassified water 
body Bacteria 

1007E Willow Waterhole Bayou Above Tidal, 
unclassified water body Bacteria 

1007F Berry Bayou Above Tidal, unclassified water 
body Bacteria 

1007G Kuhlman Gully Above Tidal, unclassified water 
body Bacteria 

1007H Pine Gully Above Tidal, unclassified water 
body Bacteria, depressed dissolved oxygen 

1007I Plum Creek Above Tidal, unclassified water 
body Bacteria, depressed dissolved oxygen 

1007K Country Club Bayou Above Tidal, unclassified 
water body Bacteria, depressed dissolved oxygen 

1007L Unnamed Tributary of Brays Bayou, 
unclassified water body Bacteria 

1007M Unnamed Tributary of Hunting Bayou, 
unclassified water body Bacteria 

1007N Unnamed Tributary of Sims Bayou, 
unclassified water body Bacteria 

1007O Unnamed Tributary of Buffalo Bayou, 
unclassified water body Bacteria, depressed dissolved oxygen 

1007R Hunting Bayou Above Tidal, unclassified water 
body Bacteria, depressed dissolved oxygen 

1007S Poor Farm Ditch, unclassified water body Bacteria 
1007T Bintliff Ditch, unclassified water body Bacteria 
1007U Mimosa Ditch, unclassified water body Bacteria 

1007V Unnamed Tributary of Hunting Bayou, 
unclassified water body Bacteria 

1008 Spring Creek Bacteria, depressed dissolved oxygen 

1008B Upper Panther Branch, unclassified water 
body Bacteria 

1008C Lower Panther Branch,  unclassified water 
body Bacteria 

1008E Bear Branch, unclassified water body Bacteria 
1008H Willow Creek, unclassified water body Bacteria 
1009 Cypress Creek Bacteria 
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Segment Number Segment Name Water Quality Parameters* of Concern 
1009C Faulkey Gully, unclassified water body Bacteria 
1009D Spring Gully, unclassified water body Bacteria 
1009E Little Cypress Creek, unclassified water body Bacteria 
1010 Caney Creek Bacteria 
1011 Peach Creek Bacteria 
1012 Lake Conroe None identified 
1013 Buffalo Bayou Tidal None identified 

1013A Little White Oak Bayou, unclassified water 
body Depressed dissolved oxygen 

1014 Buffalo Bayou Above Tidal None identified 

1014M Newman Branch (Neimans Bayou), 
unclassified water body 

Depressed dissolved oxygen, impaired fish 
community, impaired macrobenthic 
community 

1015 Lake Creek None identified 
1016 Greens Bayou Above Tidal Bacteria 

1016A Garners Bayou, unclassified water body Bacteria 

1016B Unnamed Tributary of Greens Bayou, 
unclassified water body Bacteria 

1016C Unnamed Tributary of Greens Bayou, 
unclassified water body Bacteria 

1016D Unnamed Tributary of Greens Bayou, 
unclassified water body Bacteria, depressed dissolved oxygen 

1017 White Oak Bayou Above Tidal None identified 
1017C Vogel Creek, unclassified water body Bacteria 

1017D Unnamed Tributary of Whiteoak Bayou, 
unclassified water body Depressed dissolved oxygen 

* Pollutants or water quality conditions that assessment procedures indicate do not meet assigned water quality standards in one or 
more locations of the water body segment. 
Source: TCEQ’s 2010 Texas Integrated Report – Texas 303(d) List (November 11, 2011), (TCEQ 2011) 

3.4.6.1.2 Recreation and Navigation 
In addition, generally in Liberty and rural areas of Harris and Montgomery Counties, hunting is a seasonal 
sport whereby bird and deer leases proximal to agricultural fields, near relatively large or contiguous 
forested areas, within oxbows, bayous, or along the floodplain of the San Jacinto River (in some cases, 
within the National Wildlife Refuge System) provide recreational opportunities to area hunters generally 
through the winter months of the year. 

3.4.7 Luce Bayou 
According to the TCEQ, Luce Bayou is identified as an unclassified freshwater stream, Segment 1002B of 
the San Jacinto River Basin.  Luce Bayou fully supports its designated aquatic life and contact 
recreational uses (U.S. EPA 2010), although the fish consumption use has not been assessed 
(TCEQ 2010).  Luce Bayou is not listed on the 2010 Texas 303(d) list as no water quality parameters of 
concern were identified.  Recreation opportunities along Luce Bayou consist of water sports such as 
fishing, canoeing and birding.  Much of the area along Luce Bayou is privately owned.  However, hunting 
clubs and land leasing may allow for bird and deer hunting during their respective seasons in some areas 
along Luce Bayou. 

3.4.8 Lake Houston 
Lake Houston serves as a public water supply reservoir (Segment 1002 of the San Jacinto River Basin) 
and fully supports its aquatic life and contact recreation uses including fish consumption (TCEQ 2010).  
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Lake Houston is impaired with bacteria (TCEQ 2012).  Lake Houston’s storage capacity is approximately 
133,990 acre-feet based on the average depth of 12 feet and a surface area of approximately 
11,854 acres.  Due to increased development in the areas contributing runoff to Lake Houston, the 
possible effects of urbanization on the water quality of the lake have been a concern.  The drainage basin 
for Lake Houston is comprised of portions of seven counties, and the sub-basins and tributaries that 
contribute runoff to Lake Houston are home to approximately 1 million people.  The Cypress Creek 
(Segment 1009) watershed, located in Lake Houston’s western sub-basin, drains approximately 
305 square miles and has been the most densely populated of the watersheds contributing to the lake in 
recent years.  The East Fork San Jacinto River sub-basin (Segment 1003) drains approximately 
404 square miles on the eastern side of the lake and has been the least densely populated area as 
identified in recent studies (TCEQ 2010). 

3.4.8.1 Recreation and Navigation 
Lake Houston supports contact recreation, high aquatic life, public water supply uses and includes Lake 
Houston State Park (Region H, 2010).  Lake Houston is used for recreation and municipal water supply.  
Recreational opportunities associated with Lake Houston would also include boating and water sports, 
camping and picnicking, fishing, and nature and wildlife viewing.   

3.4.9 Cedar Bayou 
Surface water resources in the vicinity of the Alternative 3A ROW include a number of small named and 
unnamed unclassified streams, small named and unnamed impoundments, and Cedar Bayou Above 
Tidal.  The headwaters of Cedar Bayou above Tidal (Segment 0902 of the Trinity-San Jacinto Coastal 
Basin) begin south of Alternative 3A ROW.  Cedar Bayou Above Tidal (Segment 0902) and Cedar Bayou 
Tidal (Segment 0901) are the two segments within the watershed.  Segment 0902 is from a point 2.2. km 
(1.4  miles) upstream from IH 10 in Chambers/Harris County to a point 7.4 km (4.6  miles) upstream from 
FM 1960 in Liberty County.  Segment 0901 is from the confluence with Galveston Bay 1.0 km (0.6  miles) 
downstream from Tri-City Beach Road in Chambers County to a point 2.2 km (1.4  miles) upstream from 
IH 10 in Chambers and Harris Counties.   

The Cedar Bayou watershed is in Harris, Chambers and Liberty Counties and covers approximately 202 
square miles, with 128 miles of open streams that drain into the Galveston Bay System.  Cedar Bayou 
forms a boundary between Harris, Chambers, and Liberty Counties and is in the Trinity-San Jacinto 
Coastal Basin (Basin 09).  According to TCEQ, Cedar Bayou does not meet state water quality standards 
and Cedar Bayou Tidal (Segment 0901) is impaired with bacteria, dioxin and PCBs from industrial and 
agricultural activity along with increasing development in the Houston area.  Cedar Bayou flows 
southward from Liberty County to Galveston Bay.  Most of the watershed is undeveloped, and the 
estimated population in Harris County is about 32,000 (HCFCD 2011 Hazard Mitigation Plan).  The 
developed portions within the Cedar Bayou Watershed include Mont Belvieu, Crosby, Barrett and the City 
of Baytown.  Since saltwater marshlands are in the watershed’s lower reaches and undeveloped natural 
channel reaches are upstream from Baytown in the watershed, most of Cedar Bayou’s floodplain and 
primary stream is environmentally sensitive.  TPWD considers the area around the mouth of Cedar Bayou 
to be a critical wildlife habitat. 

TCEQ has established contact recreation and high aquatic life uses for Segment 0901.  Recreation and 
fish consumption uses are not supported, although aquatic life use is fully supported.  Impairments for 
Segment 0901 are bacteria, PCBs and dioxin.  A water quality concern exists for chlorophyll-a. 

TCEQ has established contact recreation, high aquatic life and public water supply uses for Segment 
0902, which currently does not have use impairments.  Segment 0902’s impairment for macrobenthic 
community from the 2008 assessment was carried forward and changed to a concern.  This segment has 
been channelized for flood control, so impaired benthic community presence is expected.  The levels of 
concern have increased for nutrients, sediments and dissolved oxygen due to increasing development in 
the area.  Increased sediment loads may occur due to altered drainage patterns from increases in 
population size and development.  Most of the watershed in Segment 0902 is for agricultural purposes; 
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main crops include rice, hay and turf/sod.  The primary method for sewage disposal in Segment 0902 is 
through OSSFs (onsite sewage facilities) (HGAC 2011 Basin Summary Report).   

A nine-element Watershed Protection Plan for Cedar Bayou is currently being developed by the HGAC 
and community partners including Texas State Soil and Water Conservation Board (TSSWCB), 
Houston-Galveston Area Council, Texas AgriLife Extension Service-Department of Soil and Crop 
Sciences, Texas Stream Team, Texas Conservation Fund, Clean Rivers Program, and the Galveston Bay 
Estuary Program.  The goals and objectives for the plan, which is a voluntary effort, are to include the 
following activities. 

 Target water quality sampling and analysis. 

 Conduct a watershed source survey and develop a comprehensive GIS inventory.  

 Analyze water quality data using load duration curves and spatially explicit modeling.  

 Establish and provide direction for a stakeholder group which will serve as a decision making body.   

An October 2013 target date has been set for the initial development of the Watershed Protection Plan 
(TSSWCB 2012). 

3.4.9.1 Recreation and Navigation 
Cedar Bayou flows through southeast Texas coastal plains and crosses through woods, lagoons and 
marshes.  The bayou meanders through flat terrain with local shallow depressions, surfaced by sands 
and clays that sustain post oak and loblolly pine forests.  Shrimp, oysters and fish spawn in the bayou’s 
estuary.  Ducks, geese and other aquatic birds nest and feed in the area during the winter.  According to 
TPWD, almost 40 miles of the bayou are can be used for recreation.  The best section is a small portion 
from Roseland Park in Baytown to the county park at the State Highway (SH) 146 crossing (TPWD 2012).  
In addition, generally in Liberty and Chambers Counties, hunting is a seasonal sport whereby bird and 
deer leases proximal to agricultural fields, near relatively large or contiguous forested areas, within 
oxbows, bayous, or along the floodplain of Cedar Bayou may provide recreational opportunities to area 
hunters generally through the winter months of the year. 

Within Cedar Bayou, Segment 0901, barge traffic is common on the lower portion and boating is 
widespread throughout the segment.  Only canoes and small motorized boats can go upstream from 
SH 146.  As of 1854, navigation had been established along Cedar Bayou.  Through the early 1900s, the 
bayou remained a significant water route navigable for 15 to 30 miles depending on the season.  By 
1982, much of the bayou’s upper two-thirds had been channeled to alleviate flooding.  U.S.X. Corporation 
steel plant and Chevron petroleum refinery (TSHA 2012) operated in the 1980s on the bayou’s lower 
portion.  Cedar Bayou becomes navigable to commercial barge traffic at SH 146 (Mile 11) in the City of 
Baytown.  The Cedar Bayou Navigation Channel from SH 146 goes along Cedar Bayou from east of 
Baytown to Galveston Bay and through Upper Galveston Bay and Tabbs Bay to the Houston Ship 
Channel.  The Corps maintains the Cedar Bayou Navigation Channel from the Houston Ship Channel to 
Mile 3 to a 10-foot depth and a 100-foot bottom width.  Above Mile 3, the navigation channel ranges from 
8 to 10 feet deep to 40 to 170 feet wide.   

3.4.10 Water Supply and Conservation 
Water supply in the study area is provided by the City of Houston to supply water customers.  The cities 
of Dayton and Liberty and residents of Liberty County primarily use groundwater as their drinking water 
supply source.  The City of Houston’s water system, begun in 1878, was initially focused on developing 
groundwater resources for its municipal supply.  By the 1940s, water quality and cost impacts caused a 
review of these sources, and the City began developing surface water by the 1950s.  At the same time, 
Houston’s population started doubling in number every 20 years since approximately 1850 and this trend 
continues unabated.  For this reason, the demand for water continues to be a major issue 
(Los Angeles Times 2000; Rice Center 1978). 
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Based on the history of the City’s water system development, population and industrial water demand 
have played primary roles in driving water system growth.  At the same time, the cost of the early water 
well system and years of minimal management and budgeting of the water system caused the City to look 
for more efficient ways of meeting water demand.  By 1938, rapid population growth outstripped the water 
system’s ability to meet demand, and engineers informed the City that the water system needed to be 
many times larger with a significantly larger budget and a separate governing board required to manage 
the system (Houston Chronicle, Alvord, Burdick, Howson 1938). 

Investments in multiple water treatment plants and various expansions between 1953 and 2006, along 
with distribution lines and related facilities, positioned the City of Houston to be the major provider of 
water to the metropolitan area through a vast and growing system of treatment plants, transmission 
pipelines, pumping stations, water wells, and related infrastructure.  In 2009, the Houston water system 
delivered an average of 347 MGD of water with a maximum capability of delivering 585 MGD 
(City of Houston, Department of Public Works 2011).  This water was provided to almost 3 million 
residents and customers through 7,500 miles of waterlines (City of Houston 2011).  The evolution of the 
City’s water system investments, its early acquisition of water rights, and consistent policy of retaining 
these rights have proven to be comprehensive such that no other entity has been willing to develop a 
parallel system.  The City has become the de facto principal water provider in Harris County.  The Region 
H RWP includes provisions for drought management and conservation planning. 

3.4.10.1 Water Rights Permitting 
The recommendation to use water from the Trinity River for water supply was followed up by the City in 
the 1950s, and the City acquired water rights in Lake Livingston and the Trinity River to impound, divert, 
or use State waters for municipal, agricultural, industrial, and recreational uses.  The City applied for and 
received a Department of Army permit allowing work to proceed in the river for the pumping station and in 
1976 the City of Houston ultimately acquired the land areas needed on Capers Ridge to complete the 
shore facilities required for sedimentation basins and other features needed to convey water to 
Luce Bayou.  While an extension to the Corps’ permit was requested and granted to extend until 1987, 
the Luce Bayou project did not move forward until 2005. 

The TCEQ issues water rights permits to allow use of State water in compliance with Texas Water Code 
Section 11.323, Certificate of Adjudication.  When a final determination of the rights to the waters of a 
stream has been made in accordance with the procedure provided in this subchapter and the time for a 
rehearing has expired, the TCEQ issues to each person adjudicated a water right a certificate of 
adjudication, signed by the TCEQ.  The certificate includes reference to the final decree, the name and 
address of the right holder, the priority, extent and purpose of the adjudicated water right, and description 
of the irrigated land (if applicable) and other information as necessary. 

The water rights under Permit 1970 (as amended) are held jointly by the City of Houston and the TRA 
and authorize Lake Livingston with an impoundment of 1,750,000 acre-feet per year on the Trinity River 
and an appropriation of 1,254,400 acre-feet per year.  Under permit number 1970C, which is an 
amendment of the base permit, the water supply allocated to the City of Houston may be used in the 
watersheds of Buffalo Bayou and the San Jacinto River and in the coastal watersheds of Harris County, 
Galveston County (excluding Bolivar peninsula), western Chambers County, and western Liberty County.  
The City of Houston is authorized to convey the water by means of a pipeline and canal system and the 
bed and banks of Luce Bayou to Lake Houston for temporary storage and subsequent diversion of the 
water from Lake Houston.  This permit was subsequently amended by Certificates of 
Adjudication 08-4261 and 08-4261B.  These amendments allow the City of Houston to divert a maximum 
775 cubic feet per second (450 MGD) from the CRPS diversion point to Lake Houston 
(Alternatives 3A and 4).  Raw water obtained from the Trinity River would be treated at the COH-owned 
NEWPP and the EWPP and then conveyed under contract to water supply customers.  The COH is 
planning a major expansion of the existing NEWPP to meet treatment requirements associated, in part, 
with the implementation of the proposed project. 
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3.4.11 Water Resources Development and Supply 
The development of the state’s water resources began at the start of the 1900s.  In general, the primary 
water supply source across the state was groundwater, but at some point in time, the demand exceeded 
the aquifer yield, and surface supplies were then sought.  For many of the major cities in Texas, this point 
occurred early in the 1900s.  For the City of Houston, groundwater was an important part of the municipal 
source until at least the 1950s. 

3.4.12 Environmental Flows 
Under Senate Bill (SB) 1, SB 2, and SB 3, the State of Texas passed legislature related to identifying and 
then developing criteria for environmental flows.  Environmental flows consist of freshwater flows to bays 
and estuaries and instream flows to rivers.  In Texas, environmental flows have been defined by the 
Legislature as the schedule of flow quantities that reflect seasonal and yearly fluctuations that would be 
adequate to support a sound ecological environment and would maintain the productivity, extent, and 
persistence of important aquatic habitats in and along affected surface water bodies such as the lower 
Trinity River and the Galveston Bay estuary system.  Environmental flows within the Trinity River, San 
Jacinto River, and Galveston Bay estuary system are subject to environmental flow requirements.  
Environmental flow requirements were initially identified by the State of Texas under this SB 1 program 
for the lower Trinity River, Trinity Bay, and Galveston Bay and were subsequently refined and ultimately 
adopted by the Galveston Bay Freshwater Inflows Group (GBFIG) and the Region H Water Planning 
Group.   

GBFIG, a multi‐stakeholder group, was established as a part of the SB 1 program and worked with the 
support of the Galveston Bay Estuary Program to address the environmental flow issues within Galveston 
Bay.  As part of SB 1, GBFIG employed a methodology developed by the relevant state agencies, TCEQ, 
Texas Water Development Board (TWDB), and Texas Parks and Wildlife Department (TPWD), to 
estimate the freshwater inflows necessary to maintain productivity of Galveston Bay.  The 
recommendations produced by the group are summarized by the Environmental Flows Study (2009) 
published by Region H.  This was an advisory effort based on hydrologic and hydraulic modeling and use 
of some limited field data.  The 2011 Region H Water Plan adopted on August 4, 2010, incorporates as 
an Appendix the Environmental Flows Study issued in 2009.  After reviewing water availability and 
demand models, GBFIG recommended that the Region H Planning Group consider environmental flows 
when constructing its regional plan and noted that the successful management of inflows to Galveston 
Bay must consider quantity, quality, seasonality (monthly flows), and location of inflows summarized by 
Table 3-15. 

  



3-51 

Environmental Impact Statement 
Luce Bayou Interbasin Transfer Project October 2012 

Table 3-15:  
Freshwater Inflow Recommendations of the Galveston Bay Freshwater Inflow Group 

Inflow Scenario 
Quantity Needed 
(acre-feet/year) Historical Frequency Target Minimum Frequency 

Max H 5.2 million 66 percent 50 percent 

Min Q 4.2 million 70 percent 60 percent 

Min Q-Sal 2.5 million 82 percent 75 percent 

Min Historic 1.8 million 98 percent 90 percent 

Max H, inflows required for maximum bay and estuary fisheries harvest per TPWD.  Min Q, minimum inflow required to maintain 
the bay and estuary fisheries harvest.  Min Q-Sal: Minimum acceptable inflow required to maintain the salinity needed for bay 
and estuary fisheries productivity.  Min-Historic, smallest freshwater inflow volume per records. 

3.4.12.1 Senate Bill 2 
In support of the development of instream environmental flow needs for the Trinity River basin, studies 
were conducted to evaluate streamflow and water quality for as long a period of record as possible so 
that relationships could be identified or correlation of factors may be accessed.  A number of USGS 
gauge monitoring locations have been used to initiate studies to evaluate possible relationships between 
streamflow, biology, and water quality.  The primary criteria for selection of USGS gauge sites and 
records included having a sufficiently long period of record and a strategic location which would facilitate 
the characterization of a significant percentage of the basin hydrology (Environmental Institute of 
Houston 2009).  In all cases gauges that were used were paired with water quality data collected near the 
selected site and upstream of any major downstream tributaries.  Graphical plots depicting streamflow, 
concentrations, and loading were constructed when paired water quality and instantaneous flow data 
were available.  Statistical models of flow versus observed water quality data were developed when 
possible and data were analyzed and plotted when there was sufficient temporal intensity and coverage.  
For water temperature and dissolved oxygen analyses, the data were segregated into seasonal periods of 
the year and then analyzed, each seasonal subset individually.  In some cases data were limited and/or 
lacking and consequently some analyses were not feasible and not performed (Environmental Institute of 
Houston 2009).The seven-day average, two-year recurrence interval low flow discharge (7Q2) is an 
important flow statistic in the State of Texas due to its statutory designation in the Texas Surface Water 
Quality Standards (TCEQ 2000) as the defining low flow condition variable needed to determine the 
‘critical low flow.’  Critical low flow is described as the flow below which some water quality standards no 
longer apply and the flow at which the impacts of permitted discharges are analyzed.  The 7Q2 flows 
were calculated for the USGS Rosser gauge based on the entire period of record and the 7Q2 flow for 
this reach is 678 cfs; for the lower Trinity River (Segment 0802), the 7Q2 flow in Liberty County is 
calculated as 775 cfs.  Because the 7Q2 flows rarely occur in nature, these flows have historically been 
used as an indicator for subsistence flows.  Note that the official TCEQ Surface Water Quality Standards 
values for the 7Q2 are calculated from a sliding, limited time period that does not necessarily include the 
entire period of record of gauged flow data. 

Wastewater treatment in the Dallas‐Fort Worth area is regionalized mostly into large wastewater 
treatment plants.  Wastewater treatment has improved to the extent that it is considered a water supply.  
The quality of the Trinity River water has improved with wastewater treatment especially near the 
Dallas-Fort Worth metropolitan area.   

Min 7Q flows, or low flows of the river (minimum flows occurring over a 7 day period, i.e., Min 7Q flows) 
have been increasing for the last hundred years for the upper Trinity River as the volume of treated 
wastewater has increased.  These return flows have been reserved and permitted over the last sixty 
years for water supply, either for the Houston area and lower Trinity River basin by Lake Livingston or for 
reuse in the Dallas‐Fort Worth area. 
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3.4.12.2 Senate Bill 3 
With its passage in the 80th Regular Session of the Texas Legislature in 2007, Senate Bill 3 (SB 3) 
became the third in a series of omnibus water bills related to State of Texas endeavors to address future 
water demands.  Previously, Senate Bill 1 (SB 1) established a stakeholder driven approach to planning 
for water resources, while the later Senate Bill 2 (SB 2) Texas Instream Flow Program (TIFP) was 
established in recognition of the lack of available data for the determination of how much water is 
necessary for environmental purposes.  The TCEQ is required by the Texas Water Code (TWC) to 
consider and provide for freshwater inflows necessary to maintain the viability of Texas bay and estuary 
systems in TCEQ's regular granting of permits for the use of state waters, all while balancing other 
demands for water.  Texas has documented existing and historical flows and collected information 
needed to determine instream flows and freshwater inflows necessary to support ecologically sound 
riverine and estuarine systems.  ’Environmental flow analysis’ means the application of a scientifically 
derived process for predicting the response of an ecosystem to changes in instream flows or freshwater 
inflows.” 

The defined ‘environmental flow regime’ means a schedule of flow quantities that reflects seasonal and 
yearly fluctuations that typically would vary geographically, by specific location in a watershed, and that 
are shown to be adequate to support a sound ecological environment and to maintain the productivity, 
extent, and persistence of key aquatic habitats in and along the affected water bodies.” 

3.4.12.3 Environmental Flow Standards 
The TCEQ, in their findings on the environmental flow standards under SB 3, defined that the Trinity and 
San Jacinto Rivers, their associated tributaries, Galveston Bay, and the associated estuaries represent 
“a healthy and sound ecological environment.”  A healthy and sound ecological environment is further 
described as a resilient, functioning ecosystem characterized by intact, natural processes, and a 
balanced, integrated, and adaptive community of organisms comparable to that of the natural habitat of a 
region.  The adopted SB 3 environmental flow standards address both an instream flow regime for the 
Trinity River and seasonal freshwater inflows into Galveston Bay as further outlined below.  A schedule of 
flow quantities made up of subsistence flow, base flow, and one level of high pulses was defined for six 
separate measurement locations within the Trinity Basin.  One of the locations with a schedule of flow is 
represented by the USGS Gauge 08066500 aka, “Trinity River at Romayor, Texas”.  The target flow 
regime at the USGS Romayor gauge is provided by Table 3-16.  The environmental flow criteria outlined 
in Table 3-16 and Table 3-17 constitute the most recently developed instream flow regime for the 
Trinity River and freshwater inflow target for Galveston Bay adopted by the State of Texas for use in new 
water rights permit decisions. 
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Table 3-16:  
United States Geological Survey Gauge 08066500, Trinity River at Romayor, Texas 

Season Subsistence Base Pulse 
Winter 
(Dec.-Feb.) 

495 cfs 875 cfs Trigger:  8,000 cfs 
Volume: 80,000 acre-feet 
Duration:  7 days 

Season Subsistence Base Pulse 
Spring 
(March-May) 

700 cfs 1150 cfs Trigger:  10,000 cfs 
Volume: 150,000 acre feet 
Duration:  9 days 

Summer 
(June-Aug.) 

200 cfs 575 cfs Trigger:  4,000 cfs 
Volume: 60,000 acre feet 
Duration:  5 days 

Fall 
(Sept.-Nov.) 

230 cfs 625 cfs Trigger:  4,000 cfs 
Volume: 60,000 acre feet 
Duration:  5 days 

cfs = cubic feet per second (TCEQ 2011). af = acre-feet. 
Note:  Subsistence Flow – Subsistence flow are drought level low flows which should rarely occur in nature.  These flow 
criteria should provide adequate water quality for fish to survive, and even though elevated levels of temperature and 
constituents will occur, dissolved oxygen levels will remain minimally adequate.  Base Flow – The base flow conditions 
represent average flows including variability that exists between rainfall runoff events.  These flow criteria should provide 
suitable aquatic habitat and in-channel water quality and maintain a diversity of habitats.   
Pulse Flow – The pulse flow are considered in-channel, short duration, high flow events resulting from rainfall runoff 
entering the river.  Pulse flows should maintain channel and substrate characteristics; prevent encroachment of riparian 
vegetation; serve as recruitment events for organisms; provide connectivity to near-channel waterbodies; and restore 
in-channel water quality after prolonged low-flow events. 

Table 3-17:  
Bay and Estuary Freshwater Inflow Standards for the Galveston Bay System 

River Basin Annual Inflow 
Quantity (af) 

Annual Target 
Frequency 

Winter Inflow 
Quantity (af) 

Winter 
Target 

Frequency 

Spring 
Inflow 

Quantity 
(af) 

Trinity 

2,816,532 50 percent 500,000 40 percent 1,300,000 

2,245,644 60 percent 250,000 50 percent 750,000 

1,357,133 75 percent 160,000 60 percent 500,000 

San Jacinto 

1,460,424 50 percent 450,000 40 percent 500,000 

1,164,408 60 percent 278,000 50 percent 290,000 

703,699 75 percent 123,000 60 percent 155,000 

River Basin Spring Target 
Frequency 

Summer Inflow 
Quantity (af) 

Summer Target 
Frequency 

Fall Inflow 
Quantity (af) 

Fall Target 
Frequency 

Trinity 

40 percent 245,000 40 percent NA NA 

50 percent 180,000 50 percent NA NA 

60 percent 75,000 60 percent NA NA 
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River Basin Annual Inflow 
Quantity (af) 

Annual Target 
Frequency 

Winter Inflow 
Quantity (af) 

Winter 
Target 

Frequency 

Spring 
Inflow 

Quantity 
(af) 

San Jacinto 

40 percent 220,000 40 percent 200,000 40 percent 

50 percent 100,000 50 percent 150,000 50 percent 

60 percent 75,000 60 percent 90,000 60 percent 

Note:  af = acre-feet (TCEQ 2011) 

SB 3 established a basin‐by‐basin course of action to meet the instream flow needs of rivers as well as 
freshwater inflow needs of bays and estuaries.  The Trinity River and Galveston Bay was one of the first 
basins to be completed when the Trinity‐San Jacinto Basin and Bay Expert Science Team (Trinity‐San 
Jacinto BBEST) presented an Environmental Flows Recommendation Report to the Trinity and San 
Jacinto Rivers and Galveston Bay Basin and Bay Area Stakeholder Committee (Trinity‐San Jacinto 
BBASC), Texas Environmental Flows Advisory Group (EFAG), and the TCEQ in late 2009.  This process 
required TCEQ to consider the recommendations in this detailed report, along with those from the 
associated stakeholder groups, throughout the subsequent formulation of environmental flow standards.  
The standards were adopted on April 20, 2011 and will be utilized by the state in the future 
decision‐making process for new water rights applications.  In addition, the SB 3 regulations include a 
provision for an adaptive management process which will allow revision of these standards to occur 
based on development of additional data, future evaluations of that data, and participation by a balanced 
representation of stakeholders.  The proposed LBITP is not subject to SB 3 freshwater inflow or instream 
flow requirements.  Further, the TCEQ, in their findings on the environmental flow standards, defined that 
the Trinity and San Jacinto Rivers, their associated tributaries, Galveston Bay, and the associated 
estuaries represent “a healthy and sound ecological environment.”  “A healthy and sound ecological 
environment” is further described as a resilient, functioning ecosystem characterized by intact, natural 
processes, and a balanced, integrated, and adaptive community of organisms comparable to that of the 
natural habitat of a region. 

3.5 Floodplains and Floodplain Values 
Executive Order 11988, Floodplain Management, tasks Federal agencies to “avoid to the extent possible 
the long and short-term adverse impacts associated with the occupancy and modification of flood plains” 
and “reduce the risk of flood loss, to minimize the impact of floods on human safety, health and welfare, 
and to restore and preserve the natural and beneficial values served by floodplains” (FedCenter 2012).  
Federal agencies that participate in or permit the construction of future projects are subject to this 
Executive Order (EO). 

The 100-year flood is defined by the Federal Emergency Management Administration (FEMA) as a flood 
elevation that has a one (1) percent chance of being equaled to or exceeded each year (FEMA 2012).  As 
such, a 100-year floodplain is defined as a floodplain that is at or below the 100-year flood elevation.  
Floodplains are generally associated with watercourses and other water bodies or coastal areas. 
However, floodplains may also be associated with level areas that are poorly drained. Under FEMA, the 
Flood Insurance and Mitigation Administration (FIMA) manages the National Flood Insurance Program 
(NFIP), which provides protection to property owners within a flood-prone area.  Development or 
construction activities within floodplains pose several potential concerns that could occur as a result of or 
during a flood event, such as displacement of flood waters that could potentially raise the base flood 
elevation, provide harm to humans, property damage, or create environmental hazards. 

The USFWS has identified an acquisition corridor along the floodplain of the Trinity River for acquisition 
and inclusion in the National Wildlife Refuge (NWR) system part of the Lower Trinity River Floodplain 
Habitat Stewardship Program (LTRFHSP).  Figure 3.9.1-1 through Figure 3.9.1-3 shows land currently 
owned by USFWS and land planned for future acquisition.  The remainder of the study area lies within the 
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lower Trinity River Basin and the storm water runoff direction is generally from west to east. The terrain 
slopes gently and has low relief. Ground cover is typical for the Coastal Province. Roughness values 
indicate heavy brush with forests in the floodplains. 

The soils are principally dark clays and sandy loams. The City of Dayton, in Liberty County, is found at 
the east-central boundary of the study area. The western edge of the Trinity River 100-yr floodplain is 
approximately 1 mi east of the intersection of US 90 and SH 146 where the base flood elevation is 
28.5 feet. The surrounding natural ground elevation is approximately 80 feet.  Two branches of Linney 
Creek, a minor tributary of the Trinity River, are located approximately two miles north of Dayton.  This 
creek has yet to be studied by the Federal Emergency Management Agency (FEMA), but does not 
appear to be a major source of flooding. 

The East and West Dayton Ditches that intersect FM 1960 are located approximately 4 mi west of 
Dayton.  Each ditch has a peak discharge of approximately 550 cfs.  The floodplain is approximately one 
mile wide and has a base flood elevation, at FM 1960, of approximately 77.5 feet.  The East Prong Old 
River crosses SH 146 approximately 3.8 miles south of Dayton, and the West Prong crossing is 
approximately two miles further downstream.  Neither of the watersheds has been studied in great detail 
to date. 

3.5.1 Alternative 3A 
An extensive portion of the flood hazard area of the lower Trinity River is outside of the Alternative 3A 
ROW (Figures 3.5.1-1a through Figure 3.5.1-1c).  The floodplain is most often heavily wooded and 
exhibits tall grasses.  Storm water runoff is slow and there are long duration flood concentrations.  Flow is 
intermittent in the upper reaches and is sluggish elsewhere.  Downstream of the headwaters of 
Luce Bayou at the SH 321 crossing, the Luce Bayou base flood elevation is 97.5 feet and the floodplain is 
7,500 feet wide.  The 100-year peak discharge is approximately 4,000 cubic feet per second with a 
velocity of 0.5 feet per second.  The centerline water depth, relative to the base flood elevation, is 
approximately 13 feet.  The Luce Bayou confluence with Tarkington Bayou is four miles downstream of 
SH 321 downstream.  At this juncture, the floodplain is approximately 3,000 feet wide.  The 100-year flow 
is 16,900 cubic feet per second with a velocity of less than 2.0 feet per second.  Backwater effects from 
Tarkington Bayou extend nearly three mile up Luce Bayou which is indicative of the flat channel and 
floodplain of the watershed.  The floodplain narrows to 1,000 feet wide in places.  Nine miles beyond 
Tarkington Bayou, where Luce Bayou enters Harris County, the floodplain is 2,200 feet wide.  Three miles 
farther, the floodplain narrows to 1,700 feet at FM 2100.  Approximately 7.3 miles downstream of the 
county line, Luce Bayou meets the East Fork San Jacinto River in an area is developed with residential 
subdivisions.  The 100-year peak discharge at this point is approximately 16,100 cubic feet per second, 
and the base flood elevation is 50.5 feet with a floodplain width of 6,000 feet.  The 100-year flood stage is 
34.0 feet with a velocity of 1.0 feet per second.  All watersheds described thus far are part of the San 
Jacinto River Basin. 

The flood hazard area of Luce Bayou, which is a smaller watercourse when compared with Trinity River, 
is confined to a relatively narrow area that includes the main channel of Luce Bayou and smaller tributary 
channels that drain into the bayou.  The exception to this observation is the upstream portion of the 
Luce Bayou watershed between SH 321 and FM 1008 where the flood hazard area is wide compared to 
the downstream portion (AECOM 2007). 

Approximately 5 percent or 54 acres of the Alternative 3A ROW is located in the mapped flood hazard 
area as defined by FEMA.  Alternative 3A design and planning included review and analysis of LiDAR 
data collected in 2008 to avoid floodplains and minimize effects to local hydrology (AECOM 2007).  For 
this reason, limited areas of the Alternative 3A ROW are located within flood hazard areas.  These areas 
include along the Trinity River at the pump station intake, a geographically limited area along Capers 
Ridge, an area within the floodplain of Cedar Bayou in the vicinity of Parcel 50, and at the Alternative 3A 
ROW discharge location at Luce Bayou near Lake Houston (AECOM 2007 and 2010). 
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3.5.2 Alternative 4 
An extensive portion of the flood hazard area of the Trinity River is outside of the Alternative 4 ROW 
(Figures 3.5.1-2a through Figure 3.5.1-2d).  The flood hazard area of Luce Bayou, which is a smaller 
watercourse when compared with Trinity River, is confined to a relatively narrow area that includes the 
main channel of Luce Bayou and smaller tributary channels that drain into the bayou.  The exception to 
this observation is the upstream portion of the Luce Bayou watershed between SH 321 and FM 1008 
where the flood hazard area is wide compared to the downstream portion (AECOM 2007).  Cedar Bayou 
is the primary water body in the transitional between the lower Trinity River and the lower San Jacinto 
River coastal basins (North Galveston Bay watershed). 

The 247 square mile watershed is characterized by level terrain that slopes gently to the south.  
Headwaters of Cedar Bayou are in Liberty County approximately 7.5 mile northeast of the FM 1960 
intersection with the Liberty County-Harris County line.  The channel forms most of the boundary between 
Harris, Liberty, and Chambers counties, with approximately half of the watershed in Harris County.  Much 
of the Cedar Bayou watershed is undeveloped with the exception of Mont Belvieu and the City of 
Baytown.  Flooding is frequent with extended periods of storm water concentrations.  Based on stream 
roughness values, the bayou channel has a fairly high degree of irregularity with the cross-section 
alternating frequently and often covered with heavy vegetation. 

The Cedar Bayou floodplain widths vary from 1,000 feet to 14,000 feet.  The Harris County Flood Control 
District (HCFCD) maintains at least 14 channels within the study area that discharge into Cedar Bayou.  
At the upstream end of Cedar Bayou, the 100-year flow is approximately 900 cfs.  Downstream 5.2 mile 
at the Liberty County/Harris County line, the 100-year peak discharge is 4,400 cubic feet per second with 
an average velocity of less than 2.0 feet per second.  The floodplain is 2,000 feet wide with a 
base flood elevation of 71 feet and a centerline floodwater depth of 16 feet.  Cedar Bayou intersects FM 
1960 approximately 2,000 feet downstream where the floodplain widens to 14,000 feet, primarily on the 
west side of the channel.  The channel grade line and associated floodplain flatten near FM 1960 with 
flood stage channel velocities generally less than 2.0 feet per second downstream.  At the US 90 
intersection, 7.8 mile downstream, the base flood elevation is 57 feet; the 100-year flow is approximately 
7,200 cubic feet per second and the floodplain is 4,500 feet wide.  The flood stage water depth is 17 feet.  
Four-and-a-half miles farther downstream, at the confluence with Adlong Ditch, Cedar Bayou has a peak 
flow over 8,000 cubic feet per second with a floodplain width of approximately 10,000 feet.   

Approximately 12 percent or 102 acres of the Alternative 4 ROW is located in the mapped flood hazard 
area as defined by FEMA.  Limited areas of Alternative 4 are located within flood hazard areas.  These 
areas include along the Trinity River at the CRPS, at a geographically limited area along Capers Ridge, 
the floodplain of Cedar Bayou, and at the Alternative 4 ROW discharge location at Lake Houston 
(AECOM 2007 and 2010).   

3.5.3 Alternative 6 
An extensive portion of the flood hazard area of the Trinity River is outside of the Alternative 6 ROW 
Figures 3.5.1-3a through Figure 3.5.1-3d).  The flood hazard area of the Trinity River is confined to a 
relatively narrow area that includes the main channel and smaller tributary channels that drain into the 
river.  Approximately 16.8 percent or 122 acres of the Alternative 6 ROW is located in the mapped flood 
hazard areas of Cedar Bayou and the Trinity River.  The headwaters of Cedar Bayou and its flood hazard 
area are described above.  In the vicinity of Alternative 6, Harris, Liberty, and Chambers counties 
intersect approximately 2.3 miles downstream, where the Cedar Bayou floodplain is 6,000 feet wide and 
the base flood elevation is 36 feet.  One mile to south of the tri-county boundary is the junction of Cedar 
Bayou with Hickory Island Gully, a stream with a 6-mile reach that contributes a peak discharge of 1,600 
cubic feet per second to Cedar Bayou.  Outside of the Alternative 6 project area, Cedar Bayou ultimately 
discharges to Galveston Bay approximately 40 miles farther to the south. 
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3.6 Waters of the United States, Including Wetlands 
The Clean Water Act of 1972 (33 U.S.C. §1251) and the Rivers and Harbors Act of 1899 (33 U.S.C. 
§403) contain provisions enacted to regulate impacts upon wetlands and waters of the United States.  
Waters of the United States, including wetlands, are regulated by the USACE under provisions 
established under Section 404 of the Clean Water Act.   

Section 404 of the Clean Water Act and 33 CFR Part 323 requires authorization from the USACE to 
discharge dredged or fill material into waters of the United States and jurisdictional wetlands 
(USACE 2012).  Section 10 of the Rivers and Harbors Act regulates those acts that affect the course, 
location, or condition of a navigable water of the United States.  Permits related to both regulations are 
issued by the USACE. 

The Section 404 definition of wetlands is “…Those areas that are inundated or saturated by surface or 
ground water at a frequency and duration sufficient to support, and that under normal circumstances do 
support a prevalence of vegetation typically adapted for life in saturated soil conditions.”  Executive Order 
11990 (42 FR 26961), Protection of Wetlands, dated May 24, 1977, provided that Federal agencies would 
“take action to minimize the destruction, loss or degradation of wetlands, and to preserve and enhance 
the natural and beneficial values of wetlands” (EPA 2012). 

This section focuses on the types of wetland resources that may be found within the ROW of the 
proposed action alternatives.  National Wetland Inventory (NWI) and 100-year floodplain data were used 
to identify wetlands and water resources located within the ROW of Alternative 3A, Alternative 4, and 
Alternative 6.  Additionally, for the Applicant’s preferred Alternative 3A, the USACE preliminary 
jurisdictional determination method was used for whereby all waters and wetlands identified within the 
ROW corridor, except man-made ditches, farmed wetlands, and ponds, are treated as regulated waters 
under Section 404 of the Clean Water Act.  The USACE has not verified the jurisdictional status or 
locations and boundaries of these resources at this time.  Coordination with the USACE is ongoing and 
will continue until a Department of the Army permit for the proposed project is issued.  The following 
sections provide a summary of these findings for each alternative.  

3.6.1 Waters of the United States 
The natural drainages in the project area appear to follow topographical gradients and flow intermittently 
conveying runoff after rainfall events.  The term “Waters of the United States”, as defined in 33 CFR 328.3, 
denotes: 

 All waters which are currently used, or were used in the past, or may be susceptible to use in 
interstate or foreign commerce, including all waters which are subject to the ebb and flow of the tide 

 All interstate waters including wetlands 

 All other waters such as intrastate lakes, rivers, streams (including intermittent streams), mudflats, 
sandflats, wetlands, sloughs, prairie potholes, wet meadows, playa lakes, or natural ponds, the use, 
degradation or destruction of which could affect interstate or foreign commerce 

To characterize surface drainage systems (streams), the designations perennial, intermittent, and 
ephemeral are used and the meanings of these terms are provided below: 

Perennial streams flow year-round during a typical year.  The water table is located above the stream bed 
for most of the year and groundwater is a primary source for stream flow.  A perennial stream is typically 
capable of supporting aquatic life.  Intermittent streams flow during certain parts of the year, typically 
seasonally, when groundwater provides water for stream flow.  During dry periods, intermittent streams 
may not have flowing water and rainfall is a supplemental source of flow.  The biological constituents or 
perennial streams are adapted to wet and dry fluctuations.  Ephemeral streams only flow for short 
durations after precipitation.  Ephemeral beds are located above the water table year round with runoff 
from rainfall being the primary source of flow and aquatic life being extremely scarce or typically absent. 
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All tidal waters, interstate waters and intrastate waters whose use, degradation, or destruction could 
affect interstate commerce are considered jurisdictional and subject to USACE regulation.  In practical 
application, this includes all perennial and intermittent streams and all ephemeral streams exhibiting an 
ordinary high water mark (OHWM) and natural lakes and ponds with surface connections to navigable 
water or other ties to interstate commerce, all impounded lakes or ponds created from jurisdictional 
waters described above, and their adjacent wetlands. 

Four watersheds are found within the LBITP DEIS study area Buffalo-San Jacinto, East Fork San Jacinto, 
Lower Trinity, and North Galveston Bay.  Within these four watersheds, a number of potential waters of 
the United States were identified and these include Adlong Ditch, Cedar Bayou, Coastal Water Authority 
Canal, Dayton Canal, East Fork Cedar Bayou, East Fork San Jacinto River, East Prong Old River, Ellis 
Branch, Gum Gully, Hackberry Gully, Long John Creek, Luce Bayou, Lynchburg Canal, Shook Bayou, 
Smith Gully, Tarkington Bayou, Taylor Gully, West Prong Old River, and White Oak Creek.  In addition, 
various other unnamed ponds, streams, and ditches were also identified in the study area. 

3.6.1.1 Alternative 3A 
Eleven natural water bodies encompassing approximately 2.15 acres were identified within the 
Alternative 3A ROW corridor including nine natural drainages (approximately 0.18 acre), a portion of the 
Trinity River (1.67 acres), and a portion of Lake Houston (0.30 acre).  No crossings of ephemeral, 
intermittent or perennial streams would occur as a result of the proposed Alternative 3A (Figure 3.3.2-1). 

3.6.1.2 Alternative 4 
An approximate total of 38 stream crossings were identified within the Alternative 4 corridor including 
33 canal ditches, four intermittent streams/rivers and four perennial streams/rivers (Figure 3.3.2-2).  

3.6.1.3 Alternative 6 
An approximate total of 33 stream crossings were identified within the Alternative 6 ROW corridor 
including 25 canal ditches, three intermittent streams/rivers, three perennial streams/rivers and three 
artificial paths (Figure 3.3.2-3).  

3.6.2 Wetlands 
Approximately 350 cumulative acres of wetlands resources were identified within the ROW of the three 
Action Alternatives based on an analysis of USFWS’ NWI dataset and field investigations conducted 
specifically to evaluate Alternative 3A.  

3.6.2.1 Alternative 3A 
Three hundred and nineteen potential jurisdictional aquatic resources were delineated and their status 
evaluated under the Clean Water Act for the Alternative 3A ROW.  The 319 identified aquatic resources 
consist of 308 wetlands, nine natural drainages, and portions of the Trinity River and Lake Houston.  
Cumulatively, approximately 203 acres of wetlands were identified within the Alternative 3A ROW.  
Delineated wetland areas for Alternative 3A meet the three criteria of a wetland (wetland hydrology, 
hydrophytic vegetation, and hydric soils) [Figures 3.5.1-1a through Figure 3.5.1-1c].   

3.6.2.2 Alternative 4 
Of the approximate 66 total wetland acres in the ROW of Alternative 4, approximately 18 acres are 
classified as freshwater emergent wetlands, 46 acres are freshwater forested/shrub wetland and two 
acres are lakes (Figures 3.5.1-2a through Figure 3.5.1-2d). 
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3.6.2.3 Alternative 6 
Of the approximate 82 total wetland acres in the ROW of Alternative 6, approximately six acres are 
classified as freshwater emergent wetlands, 71 acres are freshwater forested/shrub wetland, two acres 
are freshwater ponds, one acre is classified as a lake, and two acres are riverine (Figures 3.5.1-3a 
through Figure 3.5.1-3d). 

3.7 Vegetation and Wildlife 
The Proposed Alternatives’ ROW is located within the Austroriparian Biotic Province of East Texas which 
stretches from the Pineywoods of eastern Texas through the southeastern United States east to the 
Atlantic Ocean is characterized by extensive hardwood forests, swamps, marshes, and other hydric 
communities (TPWD undated GIS map; update to Blair 1950).   

3.7.1 Vegetation 
The project study area as located in the Austroriparian biotic province; typical vegetation types of the 
include longleaf pine (Pinus palustris) and loblolly pine (Pinus taeda) and hardwood forests variously 
consisting of sweetgum (Liquidambar styraciflua), post oak (Quercus stellata), and blackjack oak 
(Quercus marilandica).  Lowland hardwood forests of this province are typically characterized by 
magnolia (Magnolia grandiflora), tupelo (or black gum) (Nyssa sylvatica), and water oak (Q. nigra) in 
addition to the trees mentioned above.  

3.7.1.1 Alternative 3A 
According to TPWD’s Vegetation Types of Texas (1984), portions of the Alternative 3A ROW in the 
vicinity of the Trinity River are listed as Willow Oak – Water Oak – Black Gum Forest.  Cropland is 
present in the central part of Alternative 3A and pine-hardwood forest is present near the Lake Houston 
discharge area. 

Based on the Vegetation Types of Texas (TPWD 1984), the Alternative 3A ROW is located within two 
separate ecological areas of Texas: the Piney Woods and the Gulf Prairies and Marshes.  A description 
of the vegetation types observed during investigations is provided below. 

The land use/land cover data compiled from the National Land Cover Database (NLCD) as summarized 
in Section 3.1 and Table 4-14 were updated by field investigations conducted between 2009 and 2011.  
Pedestrian surveys of the approximate 26.5-mile long Alternative 3A ROW were conducted in 2009 
through 2011 and provide an understanding of the variety of vegetative habitats present as documented 
by the Preliminary Jurisdictional Determination (PJD) reports issued to the Corps of Engineers between 
January 2010 through March 30, 2010.  Within the Alternative 3A ROW, there are seven (7) vegetation 
types, Upland Woodlands (Forest), Mosaic/Transitional Woodlands (Mixed Forest), Agricultural Fields 
(Crops), Pasturelands (Pasture and Hay), Scrub-Shrub, Wetlands and Hydric Communities (Woody and 
Emergent Herbaceous Wetlands) and Open Water. The dominant vegetative type is Upland Woodlands, 
32 percent of land use and vegetative type within the 300-foot Alternative 3A ROW, closely followed by 
Agricultural Fields (28 percent).   

Vegetation and land use/land cover types identified for the 1,050 acres within the 300-foot ROW of 
Alternative 3A are summarized in Table 4-14 and Table 4-15.  In addition to descriptions of land cover in 
the area of the project, these tables also provides the acres and percent of each land use/land cover type 
and vegetation found within the Alternative 3A ROW based on the NLCD and the TPWD Ecological 
Systems Classification and Mapping Project . 

Portions of the hardwood forests and pine/hardwood forests have been impacted by past logging.  No old 
growth forests were observed within the investigated Alternative 3A area.  
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3.7.1.2 Alternative 4 
The land use/land cover data compiled from the National Land Cover Database (NLCD) is summarized in 
Appendix R, tabulated summary of land use, parcel data, cost, and vegetation types for Alternative 4.  
Within the ROW of this alternative there are eight (8) Land Cover Types which also include vegetation 
types that can be found in these areas and these are Cultivated Crops, Deciduous Forest, Developed 
Open Space, Evergreen Forest, Herbaceous Grassland, Hay Pasture, Shrub/Scrub and Woody 
Wetlands.  

The dominant vegetative type is Hay Pasture, with 55 acres or 53 percent of land use and vegetative type 
within the 300-foot ROW areas of Alternative 4 ROW, the next dominant type is Cultivated Crops with 33 
acres or 32 percent.    

Vegetation and land use/land cover types identified for the 889 acres within the 300-foot ROW of 
Alternative 4 are summarized using data compiled by HGAC and based on the NLCD.  In addition to 
descriptions of land cover in the area of the project, the table in Appendix R also provides the acres and 
percent of each land use/land cover type found within the Alternative 4 ROW.  A brief description of the 
vegetation communities observed within the proposed action alternatives ROW is presented below. 

3.7.1.3 Alternatives 6 
The land use/land cover data compiled from the National Land Cover Database is summarized in 
Section 3.1 and Appendix R, tabulated summary of land use, parcel data, cost, and vegetation types for 
Alternative 6.  Within the ROW of this alternative there are ten (10) Land Cover Types which also include 
vegetation types that can be found in these areas.  These vegetation types include Cultivated Crops, 
Low, Medium and Open Space Development, Herbaceous Grassland, Mixed Forest, Open Water, Hay 
Pasture, Shrub Scrub and Woody Wetlands.  For Alternative 6, the dominant vegetative type is Hay 
Pasture, with 52 acres or 43 percent of land use identified as this vegetative type within the 300-foot 
ROW of Alternative 6, the next dominant type is Woody Wetlands with 44 acres or 36 percent of the total 
area so identified.  

Vegetation and land use/land cover types identified for the 1,005 acres within the 300-foot ROW of 
Alternative 6 are summarized using data compiled by HGAC and based on the NLCD.  In addition to 
descriptions of land cover in the area of the project, the table in Appendix R also provides the acres and 
percent of each land use/land cover type found within the Alternative 6 ROW.  A brief description of the 
vegetation communities observed within the proposed action alternatives ROW is presented below. 

3.7.2 Upland Woodlands 
This vegetation type is represented by forested areas dominated by deciduous hardwood forests or 
pine-hardwood forests.  The density of the canopy coverage and leaf/pine needle litter typically excludes 
the occurrence of many herbaceous species.  The structure of these forests varies greatly depending 
upon management practices, successional status, and historical factors.  

Dominant vegetation observed during the pedestrian surveys of Alternative 3A in these upland woodlands 
include loblolly pine, southern red oak (Quercus falcata), water oak, sweetgum, sugarberry (Celtis 
laevigata), American hornbeam (Carpinus caroliniana), and tupelo or black gum.  The understory 
vegetation include shrubs such as yaupon (Ilex vomitoria), American holly (Ilex opaca), green hawthorn 
(Crataegus viridis), American beautyberry (Callicarpa americana), and common persimmon (Diospyros 
virginiana).  Commonly observed herbaceous vegetation and woody vines include slender woodoats 
(Chasmanthium laxum), longleaf woodoats (Chasmanthium sessiliflorum), variable panicgrass 
(Dichanthelium commutatum), tapered rosette grass (Dichanthelium acuminatum), Alabama supplejack 
(Berchemia scandens), pepper vine (Ampelopsis arborea), trumpet creeper (Campsis radicans), saw 
greenbriar (Smilax bona-nox), and muscadine (Vitis rotundifolia).  These dominant vegetation types would 
also be expected to be present in the Alternative 4 and Alternative 6 ROW.  
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3.7.2.1 Alternative 3A 
The upland woodlands vegetation type composes the largest percentage (32 percent) of the 
Alternative 3A ROW. 

3.7.2.2 Alternative 4 
The upland woodlands vegetation type composes 10 percent of the Alternative 4 ROW. 

3.7.2.3 Alternative 6 
The upland woodlands vegetation type composes 2 percent of the Alternative 6 ROW. 

3.7.3 Mosaic/Transitional Woodlands 
These flat areas are transitional forests composed of interspersed wetland depressions usually below a 
hardwood-pine forest canopy.  This vegetation type is usually lower on the landscape than upland 
woodland communities and is conducive to herbaceous community establishment.  The structure of these 
forests varies greatly depending upon landscape position, management practices, successional status, 
and historical factors. 

Dominant canopy vegetation in these areas include loblolly pine, green ash (Fraxinus pennsylvanica), 
swamp chestnut oak (Quercus michauxii), willow oak (Quercus phellos), and laurel oak (Quercus 
laurifolia).  Commonly observed herbaceous vegetation include anglestem beaksedge (Rhynchospora 
caduca), shortbristle horned beaksedge (Rhynchospora corniculata), Cherokee sedge (Carex 
cherokeensis), greater bladder sedge (Carex intumescens), cypress swamp sedge (Carex joorii), and 
common rush (Juncus effusus). 

3.7.3.1 Alternative 3A 
The mosaic and transitional woodlands is mapped as approximately two percent of the 
Alternative 3A ROW (NLCD 2006). 

3.7.3.2 Alternative 4 
Although site specific studies were not conducted, the mosaic and transitional woodlands is mapped as 
approximately two percent of the Alternative 4 ROW (NLCD 2006). 

3.7.3.3 Alternative 6 
Although site specific studies were not conducted, the mosaic and transitional woodlands is mapped as 
approximately three percent of the Alternative 6 ROW (NLCD 2006). 

3.7.4 Agricultural Fields 
These areas include actively farmed fields or recently tilled fields with little to no vegetation cover.  Clayey 
soils and flat topography characterize the landscape of these areas. 

While grain and forage crops including sorghum, wheat, soybeans, and rice dominate these areas, 
natural vegetation is frequently found fringing the edges of agricultural areas and the surrounding 
irrigation ditches.  Species observed during field investigations include sugarberry, black willow (Salix 
nigra), Chinese tallow (Triadica sebifera), seaside goldenrod (Solidago sempervirens), Brazilian vervain 
(Verbena brasiliensis), bushy bluestem (Andropogon glomeratus) and sawtooth blackberry (Rubus 
louisianus). 
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3.7.4.1 Alternative 3A  
Agricultural fields compose approximately 28 percent of the Alternative 3A ROW (NLCD 2006; 
AECOM 2010).  

3.7.4.2 Alternative 4 
Although site specific studies were not conducted, agricultural fields compose approximately 97 acres or 
11 percent of the Alternative 4 ROW (NLCD 2006).  

3.7.4.3 Alternative 6 
Although site specific studies were not conducted, agricultural fields compose approximately 117 acres of 
16 percent of the Alternative 6 ROW (NLCD 2006).  

3.7.5 Pasturelands 
Dominant vegetation in these pastured areas include bahiagrass (Paspalum notatum), common 
carpetgrass (Axonopus affinis), bermudagrass (Cynodon dactylon), St. Augustine grass (Stenotaphrum 
secundatum), smut grass (Sporobolus indicus), smallfruit spikerush (Eleocharis microcarpa), spikerush 
(Eleocharis montana), sand spikerush (Eleocharis montevidensis) grassleaf rush (Juncus marginatus), 
and whiteroot rush (Juncus brachycarpus).  Some Chinese tallow shrubs, sawtooth blackberry, and 
trumpet creeper were observed in overgrown pastures. 

Vegetated pastures in each ROA consist of re-vegetated fallow agriculture fields, pastures used for cattle 
grazing or hay production, road or transmission lines, and pipeline easements (NLCD 2006; AECOM 
2010).  These areas typically support a variety of grasses, forbs, sedges and an occasional woody 
species. 

3.7.5.1 Alternative 3A 
Pastures compose approximately 13 percent of the Alternative 3A ROW (AECOM 2011; NLCD 2006).  

3.7.5.2 Alternative 4 
Although site specific studies were not conducted, pastures compose approximately 319 acres or 
36 percent of the Alternative 4 ROW (NLCD 2006).  

3.7.5.3 Alternative 6 
Although site specific studies were not conducted, pastures compose approximately 242 acres or 
33 percent of the Alternative 6 ROW (NLCD 2006).  

3.7.6 Scrub/Shrub 
The scrub/shrub vegetation type occurs primarily as a result of clearing activities for commercial and 
residential development, and roadway and utility line area.  Outside of more developed areas, 
scrub/shrub areas occur where logging activity has recently occurred.  In the absence of land 
management practices, woody species that were present prior to clearing, and certain invasive plant 
species, tend to populate these disturbed areas.  The species composition of these areas varies 
somewhat depending upon factors such as topography, soils, hydrology, and the type of disturbance that 
the site has undergone, as well as the composition of surrounding vegetation.   

Dominant vegetation in these scrub/shrub areas includes loblolly pine, Canada goldenrod (Solidago 
canadensis), vaseygrass (Paspalum urvellei), johnsongrass (Sorghum halepense), Eastern baccharis 
(Baccharis halimifolia), Chinese tallow, green ash, serrate-leaf blackberry (Rubus argutus), saw 
greenbriar, and sawtooth blackberry. 
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3.7.6.1 Alternative 3A 
The scrub/shrub vegetation type composes approximately four percent of the Alternative 3A ROW.   

3.7.6.2 Alternative 4 
The scrub/shrub vegetation type composes approximately 47 acres or five percent of the 
Alternative 4 ROW.   

3.7.6.3 Alternative 6 
The scrub/shrub vegetation type composes approximately 18 acres or two percent of the 
Alternative 6 ROW.   

3.7.7 Wetland and Hydric Communities 
Wetland and hydric plant communities are composed of hydrophytes (plants adapted to areas deficient in 
oxygen as a result of excessive water content) typically associated with swamps, bogs, ponds, wet 
meadows, and marshes.  These plant communities commonly occur along ditches, streams, lake fringes, 
ponds, canals, and in depressions in old fields, wet meadows, and pastures.   

Dominant hydric vegetation in these hydric community areas includes bald cypress (Taxodium distichum), 
overcup oak (Quercus lyrata), willow oak, laurel oak, swamp chestnut oak, planertree (Planera aquatica), 
green ash, red maple (Acer rubrum), poisonbean (Sesbania drumondii), common rush, swamp 
smartweed (Polygonum hydropiperoides), spikerush, smallfruit spikerush, sand spikerush, fall panicgrass 
(Panicum dichotomiflorum), marsh seedbox (Ludwigia palustrus), lizard’s tail (Saururus cernuus),  
Chinese tallow, marsh flatsedge (Cyperus pseudovegetus), green flatsedge (Cyperus virens), 
deep-rooted sedge (Cyperus enterianus) greater bladder sedge, Cherokee sedge, anglestem beaksedge, 
shortbristle horned beaksedge, cypress swamp sedge, hop sedge (Carex lupulina), manyflower marsh 
pennywort (Hydrocotyle umbellata), dwarf palmetto (Sabal minor), grassleaf rush, whiteroot rush, erect 
centella (Centella erecta), savannah-panicgrass (Phanopyrum gymnocarpon), and bog yelloweyed grass 
(Xyris difformis). 

Because of the combination of climatic, topographic, and soil factors that occur in the region, hydric 
communities are fairly common in the vicinity of proposed alternatives. 

3.7.7.1 Alternative 3A  
Hydric communities  encompass approximately 19 percent of the Alternative 3A ROW.  Open water such 
as man-made ponds, ditches, lakes, rivers, and natural drainages encompass approximately 2 percent of 
the Alternative 3A ROW (NLCD 2006; AECOM 2010). 

3.7.7.2 Alternative 4 
Although site specific studies were not conducted, Emergent Herbaceous Wetlands encompass 
approximately four acres or 0.45 percent, and Woody Wetlands encompass approximately 239 acres or 
27 percent of the Alternative 4 ROW (NLCD 2006).   

3.7.7.3 Alternative 6 
Although site specific studies were not conducted, Emergent Herbaceous Wetlands encompass 
approximately five acres or 0.67 percent, and Woody Wetlands encompass approximately 198 acres or 
27 percent of the Alternative 6 ROW (NLCD 2006).   
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3.7.8 Open Water 
Open water includes features such as man-made ponds and ditches, lakes, rivers, and natural drainages 
(NLCD 2006; AECOM 2010).  Man-made ponds and ditches appear to be used for supplemental water 
for livestock and irrigation.  A majority of the man-made ditches are located within the central portion of 
the ROW for the proposed alternatives and is associated with the agricultural fields. Portions of the ROW 
of the proposed alternatives infringe upon the Trinity River and Lake Houston.  Little to no vegetation 
cover is present within these open water habitats. 

3.7.8.1 Alternative 3A  
Open water encompasses approximately two percent of the Alternative 3A ROW. 

3.7.8.2 Alternative 4 
Although site specific studies were not conducted, Open water encompasses approximately three acres 
or 0.3 percent of the Alternative 4 ROW (NLCD 2006). 

3.7.8.3 Alternative 6 
Although site specific studies were not conducted, Open water encompasses approximately four acres or 
0.6 percent of the Alternative 6 ROW (NLCD 2006). 

3.7.8.4 Riparian/Bottomland Hardwood Forests 
Resource agencies typically display interest in vegetation communities they perceive as being especially 
rare, susceptible to disturbance, or ecologically valuable such as mature, riparian deciduous forests 
(bottomland hardwood forest).  The following identifies the approximate acres of these valuable resources 
present within each alternative’s ROW.  

3.7.8.5 Alternative 3A 
Mature, riparian deciduous forests (bottomland hardwood forest) were identified within the Alternative 3A 
ROW using these data (NLCD 2006; AECOM 2010) in conjunction with FEMA floodplain data 
(FEMA 1997-2012).  In order to quantify those areas within the Alternative 3A ROW that are likely to 
contain deciduous riparian forest, those areas were observed and quantified during field investigations.  
The 100-year floodplain encompasses three portions of the Alternative 3A ROW and encompasses 
approximately 54 acres or less than five percent of the total within the Alternative 3A ROW 
(FEMA 1997-2012).  Of this total, 6.21 acres are along the Trinity River and within pine-hardwood forest 
of the Capers Ridge Pump Station property, approximately 46 acres are of pastureland and 
pine-hardwood forest in Harris County (Parcel 50) within the floodplain of Cedar Bayou, 0.30 acres is 
within Lake Houston, and 1.16 acres are within the discharge structure area along Lake Houston that 
consists of adjacent deciduous riparian forest. 

The portion of the Alternative 3A ROW located within the floodplain near the Capers Ridge Pump Station 
consists of pine-hardwood forest dominated by loblolly pine, Southern red oak, sweet gum, and yaupon.  
Pastureland used for cattle grazing in western Harris County (Parcel 50) is also encumbered by the 
floodplain of Cedar Bayou.  This area is dominated by grasses and shrubs including bahiagrass, common 
carpetgrass, smutgrass, St. Augustine grass, spikerush, Chinese tallow, common persimmon, and green 
ash.  Some forested wetlands occur within this portion of the Alternative 3A ROW and include dominant 
species such as loblolly pine, green ash, sweet gum, Chinese tallow, and spikerush.  This habitat does 
not appear to be functioning as riparian habitat.  The deciduous riparian habitat adjacent to Lake Houston 
(1.16 acres) includes vegetative species such as bald cypress, green ash, Chinese tallow, manyflower 
marsh pennywort, and bog yelloweyed grass on the lower slope.  Species such as American hornbeam, 
water oak, cedar elm, and yaupon compose the dominant vegetation further upslope.  Within the portions 
of the Alternative 3A ROW encumbered by the floodplain (approximately 54 acres), approximately 1.53 
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acres of forested wetlands have been identified.  Table 3-18 provides an estimate of the acreage of 
deciduous riparian forest within the Alternative 3A ROW. 

Table 3-18:  
Vegetation Types within the Alternative 3A ROW 100-year Floodplain 

Land Cover Type Area Within 100-year Floodplain  
(acres) 

Pine-Hardwood Forest 4.54 

Pastureland 44.56 

Forested Wetland 1.53 

Deciduous Riparian Forest 1.16 

Lake Houston 0.30 

Trinity River 1.67 

Total 53.76 

Source: AECOM 2010 

3.7.8.6 Alternative 4 
Although site specific studies were not conducted, within the ROW of Alternative 4 there are 
approximately 102 acres of 100-year floodplains, within this area, there are approximately 0.75 acres of 
woody wetlands (NLCD 2006). 

3.7.8.7 Alternative 6 
Although site specific studies were not conducted, within the ROW of Alternative 6 there are 
approximately 122 acres of 100-year floodplains, within this area, there are approximately 44 acres of 
woody wetlands (NLCD 2006).  

3.7.9 Commercially Important Plant Species 

3.7.9.1 Alternative 3A, Alternative 4 and Alternative 6 
Commercially important plant species present in the proposed alternative’s ROW are primarily those 
related to timber production.  The most significant commercial plant species are pines, which are valued 
as harvestable timber for commercial wood production.  Other important species may also include 
hardwoods (e.g., oaks, elms, hickories, and pecan), rice and cultivated row crops, and hay-crop species. 

Information regarding threatened and endangered plant species for Harris and Liberty counties is 
provided in the section describing threatened and endangered species. 

3.7.10 Terrestrial Wildlife 

3.7.10.1 Alternative 3A, Alternative 4 and Alternative 6 
The proposed alternatives are located within the southwestern portion of this biotic province and 
vertebrate fauna in the region are typical of that found over most of the Austroriparian Biotic Province to 
the northeast.  Using NLCD data, site visits, aerial photographs, and other published data, a list of typical 
wildlife species occurring within the proposed alternative’s area was compiled (Blair 1950; AECOM 2010; 
TPWD undated online map).  
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3.7.11 Mammals 

3.7.11.1 Alternative 3A, Alternative 4 and Alternative 6 
At least 47 mammal species occur or have occurred in recent times in the Austroriparian Biotic Province.  
Five of these species apparently reach their western limits in this province in eastern Texas (Blair 1950).  
Mammal species that could be found in the vicinity of the proposed alternatives  include:  Virginia 
opossum (Didelphis virginiana), southern short-tailed shrew (Blarina carolinensis), eastern pipestrelle 
(Pipistrellus subflavus), Brazilian free-tailed bat (Tadarida brasiliensis), nine-banded armadillo (Dasypus 
novemcinctus), eastern cottontail (Sylvilagus floridanus), eastern gray squirrel (Sciurus carolinensis), 
eastern fox squirrel (Sciurus niger), American beaver (Castor Canadensis), marsh rice rat (Orzyomys 
palustris), deer mouse (Peromyscus maniculatus), hispid cotton rat (Sigmodon hispidus), eastern woodrat 
(Neotoma floridana), coyote (Canis latrans), northern raccoon (Procyon lotor), bobcat (Lynx rufus), feral 
pig (Sus scrofa), and white-tailed deer (Odocoileus virginianus). 

3.7.12 Recreationally and Commercially Important Wildlife Species 

3.7.12.1 Alternative 3A, Alternative 4 and Alternative 6 
Numerous wildlife species that provide human benefit occur within the proposed alternative’s area.  
These benefits result from both consumptive and non-consumptive utilization of wildlife resources.  
Activities such as wildlife photography and bird watching are considered non-consumptive uses.  
Although these uses are difficult to quantify, they are considered in the evaluation of the wildlife resources 
in the proposed alternative’s area.  Consumptive uses, such as hunting and trapping, are more easily 
quantifiable and are often enjoyed in conjunction with non-consumptive uses.  All wildlife in the area of 
the proposed alternatives provides the potential for non-consumptive benefit, and many species of 
mammals and birds occurring in the proposed alternative’s area provide opportunity for consumptive use 
and represent a particularly important recreational and economic resource. 

The white-tailed deer (Odocoileus virginianus) is one of the most economically important big game 
mammals in Texas.  During the 2005-2006 hunting season, nearly 50,000 white-tailed deer were 
harvested in the Pineywoods ecoregion.  Basic habitat requirements of white-tailed deer are food, cover, 
space, and water.  Optimum habitat for white-tailed deer consists of a mosaic of vegetation dominated by 
woody plants and vegetation dominated by herbaceous plants interspersed within the landscape.  
White-tailed deer tend to consume a wide variety of plant species and plant parts including leaves, stems, 
fruits, and seeds.  Plants eaten by white-tailed deer can be placed in the general categories of browse, 
forbs, grasses, grass-likes, lichens, Oak mast, and succulents. 

Other game species regularly hunted within the general region of the Alternative 3A ROW are the 
northern bobwhite quail (Colinus virginianus), mourning dove (Zenaida macroura), rabbits, squirrels, 
American woodcock (Scolopax minor), and numerous species of migratory waterfowl.  Fox squirrels 
(Sciurus niger)  and gray squirrels (S. carolinensis) are important small game mammals over much of the 
state, particularly to the east.  Oak mast provides the bulk of the diet of both species.  The mourning dove 
is among the most widespread and abundant game birds in Texas.  These birds are often found in 
semi-open country and edges, but are also common in heavily wooded and cultivated areas.  Within the 
proposed action alternatives, doves are typically one of the most common bird species encountered.  
Waterfowl hunting is also a popular recreation in Texas and large numbers of ducks migrate through and 
overwinter in or near the proposed alternative’s areas. 

3.7.13 Amphibians and Reptiles 

3.7.13.1 Alternative 3A, Alternative 4 and Alternative 6 
According to Blair (1950), the Austroriparian Biotic Province supports more species of urodeles 
(salamanders and newts) than any other biotic province in the state, with at least 18 species having 
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occurred in recent times.  At least 29 species of snakes, 10 lizards, 2 land turtles, and 17 anurans (frogs 
and toads) are also known from the Austroriparian Biotic Province and from recent investigations 
conducted (AECOM 2009 and 2010).   

Frogs and toads species that could occur within the proposed alternatives include:  Blanchard's cricket 
frog Acris crepitans blanchardi), Gulf Coast toad (Bufo nebulifer), green tree frog (Hyla cinerea), American 
bullfrog (Rana catesbeiana), and northern spring peeper (Pseudacris crucifer crucifer).  Urodeles that 
could occur within the corridor include:  spotted salamander (Ambystoma maculatum), central newt 
(Notophthalmusviridescens), and western lesser siren (Siren intermedia netting).  Lizards and snakes that 
could commonly occur along the Alternative 3A ROW include:  green anole (Anolis carolinensis), five-line 
skink (Eumeces fasciatus), broad-headed skink (Eumeces laticeps), southern copperhead (Agkistrodon 
contortrix contrortrix), Texas ratsnake (Elaphe obsoleta), broad-banded watersnake (Nerodia fasciata 
confluens), and western ribbon snake (Thamnophis proximus proximus). 

Common turtle species that could occur along the Trinity River, Lake Houston/Luce Bayou, or along the 
proposed alternatives’ ROW corridor include:   snapping turtle (Chelydra serpentine), red-eared slider 
(Trachemys scripta elegans), ornate box turtle (Terrapene ornata ornata), and pallid spiny softshell 
(Apalone spinifera pallid). 

Information regarding threatened and endangered amphibian and reptile species for Harris and Liberty 
counties is provided in Section 3.8, Threatened and Endangered Species. 

3.7.14 Birds 

3.7.14.1 Migratory Birds 
The Migratory Bird Treaty Act (MBTA) of 1918 (16 U.S.C. §703-712), as amended, provides for the 
“protection of migratory birds” and prohibition, unless otherwise permitted, to “pursue, hunt, take, capture, 
kill, attempt to take, capture, or kill, possess, offer for sell, sell, offer to purchase, purchase, deliver of 
shipment, ship, caused to be shipped, deliver for transportation, transport, cause to be transported, carry, 
or cause to be carried by any means whatever, receive for shipment, transportation or carriage, or export, 
at any time, or in any manner, any migratory bird, included in the terms of this Convention . . . for the 
protection of migratory birds or any part, nest, or egg of any such bird" (USFWS 2012). The information 
below provides a summary of the migratory bird species that would be expected to occur in the vicinity of 
the proposed alternatives.  

3.7.14.1.1 Alternative 3A  
The Alternative 3A ROW traverses forest and agricultural lands.  Birds expected to occur in the area 
include residents (present all year), bi-seasonal migrants (present spring and fall), mono-seasonal 
migrants (present spring or fall), summer terminal migrants (nest in area, but winter elsewhere), winter 
terminal migrants (winter in area but nest elsewhere), and vagrants (rare visitors). Several agricultural 
reservoirs serve as irrigation water sources and provide bird habitat in the general vicinity of the proposed 
Alternative 3A alignment in Liberty County (i.e., the Reidland and Stoesser Reservoirs).   

Woody vegetation is generally present within areas with agricultural reservoirs that have been 
constructed and used for some period.  Generally small islands of vegetation may be interspersed with 
open water, which is used by birds as a rookery.  The reservoir was constructed to irrigate nearby 
agricultural fields.  Agricultural reservoirs generally range from 50 to 100 acres in size and can range in 
depth from 2 to 10 feet.  In some cases, these reservoirs may function as lacustrine wetlands when more 
than approximately 70 percent of the reservoir area is open water.  In some cases the depth of the 
reservoir may be less than 6 feet and, in these areas, woody vegetation may be established, creating 
small islands of vegetation consisting primarily in some areas of cypress and buttonbush.  Woody 
vegetation may provide nesting habitat for wading birds, primarily cattle egrets and rookeries may be 
established within some of the area agricultural reservoirs.  Nesting species could include non-indigenous 
Cattle Egret (Bubulcus ibis), White Ibis (Eudocimus albus), Little Blue Herons (Egretta caerulea) and 
Yellow-Crowned Night-Herons (Nyctanassa violacea) to name a few species that may use agricultural 
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reservoirs as nesting habitat.  Roseate spoonbills (Platalea ajaja), anhingas (Anhinga anhinga), and 
cormorants (Phalacrocorax spp.) of undetermined species (most likely neotropic cormorant) may also be 
present at times, but may not use these reservoirs as nesting areas.  In addition to the potential use of 
agricultural reservoirs as nesting areas, heronries may also be established and may serve as night roosts 
during many, if not all, months of the year for resident and migratory bird species.  

Migratory birds may nest in vegetation present in the vicinity of Alternative 3A.  The primary season for 
most migratory bird nesting activity in Texas is between March and August.  However, some migratory 
birds are known to nest outside of the primary nesting season period. 

3.7.14.1.2 Alternative 3A, Alternative 4 and Alternative 6 
The area of the proposed action alternatives supports an abundant and diverse avifauna including many 
year-round residents, summer residents/migrants, and winter residents/migrants.  Some examples of 
commonly occurring bird species that occur year-round or seasonally include:  wood duck (Aix sponsa), 
great blue heron (Ardea herodias), great egret (Ardea alba), Bald Eagle (Haliaeetus leucocephalus), 
red-shouldered hawk (Buteo lineatus), eastern screech-owl (Megascops asio), barred owl (Strix varia), 
red-bellied woodpecker (Melanerpes carolinus), blue jay (Cyannocitta cristata), northern mockingbird 
(Mimus polyglottos), and northern cardinal (Cardinalis cardinalis). 

Common bird species found during the winter include:  American wigeon (Anas americana), mallard 
(Anas platyrhynchos), double-crested cormorant (Phalacrocorax auritus), sharp-shinned hawk (Accipiter 
striatus), ruby-crowned kinglet (Regulus calendula), yellow-rumped warbler (Dendroica coronata), and 
swamp sparrow (Melospiza georgiana).  Commonly occurring summer resident bird species include:  little 
blue heron (Egretta caerulea), cattle egret (Bubulcus ibis), ruby-throated hummingbird (Archilochus 
colubris), eastern kingbird (Tyrannus tyrannus), and prothonotary warbler (Protonotaria citrea). 

3.7.14.2 Bald Eagle 
The Bald and Golden Eagle Protection Act (BGEPA) of 1940 (16 U.S.C. §668-668d, 54 Stat. 250), as 
amended, “provides for protection of the Bald Eagle and the golden eagle by prohibiting, except under 
certain specified conditions, the taking, possession and commerce of such birds” (USFWS 2012).  Under 
the BGEPA, the USFWS has the authority to issue permits to take, possess, and transport Bald Eagles 
(Haliaeetus leucocephalus) and golden eagles (Aquila chrysaetos) for scientific, educational, and Indian 
religious purposes, depredation, and falconry (golden eagles) (USFWS 2012).  However, no permit 
issued authorizes the “sale, purchase, barter, trade, importation, or exportation of eagles, or their parts.  
Regulations that govern eagle permits are found in 50 CFR Part 13 (General Permit Procedures) and 50 
CFR Part 22 (Eagle Permits) (Code of Federal Regulations 2012).  

3.7.14.2.1 Alternative 3A 
Bald Eagles are known to nest in wooded areas north of the area agricultural fields.  However, proposed 
alignment for the Alternative 3A canal is more than 2,000 feet away from Bald Eagle nest trees.  In any 
event, construction activities in the vicinity of the area would avoid the breeding season from October 
through May of each year. 

3.7.14.2.2 Alternative 4 
Bald Eagles may be present in the vicinity of Alternative 4 in wooded areas near surface water bodies.  In 
any event, construction activities in the vicinity of the area would avoid the breeding season from October 
through May of each year. 

3.7.14.2.3 Alternative 6 
Bald Eagles may be present in the vicinity of Alternative 6 in wooded areas near surface water bodies 
such as Cedar Bayou.  In any event, construction activities in the vicinity of the area would avoid the 
breeding season from October through May of each year. 
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3.7.15 Aquatic Species 

3.7.15.1 Benthic Invertebrates 

3.7.15.1.1 Alternative 3A, Alternative 4 and Alternative 6 
Benthic invertebrates are present within the regional area of the proposed alternatives’ ROW primarily 
near Galveston Bay.  Species abundance generally increases in a north to south direction from the Trinity 
Bay to the Upper Bay region and from the lower Galveston Bay to West Bay area.  A seasonal trend also 
occurs, with peak benthos abundance in the spring, between February and May, and lower abundances 
in October and November.  Macrofaunal diversity within Galveston Bay is considered to be low or 
moderate compared to other estuaries in the Gulf of Mexico (GOM), with the highest diversity in areas 
with stable salinity regimes (e.g., near inlets such as Bolivar Roads and Rollover Pass).  The general 
Houston Ship Channel area, which would include the area of the proposed alternatives, generally has a 
lower species diversity compared to the more open Bay stations (GBEP 2002). 

The Environmental Monitoring and Assessment Program (EMAP) was designed by the U.S. 
Environmental Protection Agency (USEPA) to periodically estimate the status and trends of the Nation's 
ecological resources on a regional basis.  As part of this program, benthos data were collected in 
Galveston Bay in 1993 (Galveston Bay Freshwater Inflows Group 1995).  The objective of the benthic 
sampling was to provide summary data at the individual taxon level.  Total and mean abundance of each 
taxa were estimated from grab samples which were collected at various sampling stations throughout the 
Bay.  The EMAP study concluded that Galveston Bay in general has a similar macrofaunal density and 
species richness as other sampled estuaries along the Louisianan Province.  In addition, marina sites, 
one of which was sampled included Bayport, had much lower values than the rest of Galveston Bay. 

Based upon the EMAP data, polychaetes dominated the benthic grab samples.  Of note, the samples 
were all collected during a single season.  A more general description of the invertebrate community in 
the vicinity of proposed alternatives is provided below. 

3.7.15.2 Essential Fish Habitat 
The Magnuson-Stevens Act of 1976 (Public Law 94-265), amended in 1996 and reauthorized in 2006 
(Public Law 109-479), provides for the conservation and management of fishery resources with a focus to 
rebuild overfished fisheries, protecting essential fish habitat (EFH) and reducing bycatch (NMFS 2012).  
On October 11, 1996, Congress passed the Sustainable Fisheries Act (Public Law 104-297) which 
amended the habitat provisions of the Magnuson Act.  The Magnuson-Stevens Act calls for direct action 
to stop or reverse the continued loss of fish habitats.  Congress mandated the identification of habitats 
essential to managed species and measures to conserve and enhance this habitat.  This Act requires 
cooperation among the National Marine Fisheries Service (NMFS), the Fishery Management Councils, 
and Federal agencies to protect, conserve, and enhance "essential fish habitat" (EFH).  Congress defined 
EFH for federally managed fish species as "those waters and substrate necessary to fish for spawning, 
breeding, feeding, or growth to maturity." 

3.7.15.2.1 Alternative 3A, Alternative 4 and Alternative 6 
According to the National Oceanic and Atmospheric Administration (NOAA) database, Luce Bayou and 
Lake Houston are designated as potential EFH for coastal migratory pelagics, red drum, shrimp, and 
stone crab (U.S. EPA 2005).  This information is based on the Generic Amendment to the Fisheries 
Management Plan issued in 2005.  However, it is highly unlikely that coastal migratory pelagic fish, 
shrimp and stone crab would inhabit Lake Houston and Luce Bayou.  The Trinity River in the vicinity of 
the Capers Ridge Pump Station is not designated as potential EFH.  

The Trinity River basin supports a broad diversity of fish species including approximately 100 freshwater 
and estuarine species.  Approximately 80 species of fish occur in the Trinity River and its tributaries.  Fish 
species known to commonly occur in Luce Bayou, Lake Houston and the Trinity River below the 
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Livingston Dam and that could occur in the ROW of the proposed alternatives include:  alligator gar 
(Atractosteus spatula), gizzard shad (Dorosoma cepedianum), blacktail shiner (Cyprinella venusta), blue 
catfish (Ictalurus furcatus), channel catfish (Ictalurus punctatus), western mosquitofish (Gambusia affinis), 
white bass (Morone chrysops), warmouth (Lepomis gulosus), longear sunfish (Lepomis megalotis), and 
largemouth bass (Micropterus salmoides). 

According to TPWD, notable fishing species in the area of the proposed alternatives include the white 
bass (Morone chrysops) and the blue catfish (TPWD 2012).  White bass are plentiful and blue catfish are 
the largest freshwater sportfish in Texas, where 50 pound individuals are not unusual.  Largemouth bass, 
striped bass, and crappie are less abundant in Lake Houston proper, but good catches are possible in 
areas of the reservoir where habitat is available.  Fishing for striped bass and white bass is popular in the 
Trinity River below the Livingston Dam especially during the spring spawning.  The alligator gar occurs in 
considerable numbers and sizes in Lake Houston and the Trinity River and is one of the more important 
fish species for bow anglers. 

3.7.15.3 Freshwater Mussels 

3.7.15.3.1 Alternative 3A, Alternative 4 and Alternative 6 
Research was performed documenting the known freshwater mussel species that occur in the lower 
Trinity River and the East Fork San Jacinto River (Howells 2009).  Over the last couple of decades, 
mussel populations have been declining.  Mussels are important components of freshwater ecosystems.  
Some species of mussels have extreme longevity; these species provide long-term stability to nutrient 
and energy flow storage and release.  Filter feeding activity can produce significant impacts on water 
quality by removal of algae, biological and other particulates, and even toxic environmental contaminants.  
Mussels are also an important food source for species such as muskrats (Ondatra zibethicus), some 
birds, and fishes. 

Freshwater mussels are essential components of aquatic ecosystems.  As filter feeders, they improve 
water quality by removing phytoplankton and suspended matter from the water column.  As freshwater 
mussels feed on algae, bacteria, and organic particles suspended by the river’s flow, they improve the 
overall health of the river system.  Freshwater mussels improve plankton production by removing 
phytoplankton, and affect nutrient dynamics of the aquatic ecosystem through excretion and 
biodeposition.  Furthermore, freshwater mussels release nutrients from the sediment to the water column 
and increase water and oxygen content in sediments through bioturbation. 

Because of their limited range of movement, freshwater mussels are extremely vulnerable to human 
activities that disturb their substrate habitat.  Mussels in streams occur chiefly in flow refuges, or relatively 
stable areas that display little movement of particles during flood events.  Freshwater mussels do not live 
in headwater springs as there is little to eat and the areas are not thermally stable.  The most stable 
ecosystem for freshwater mussels is free-flowing rivers and streams with stable riverbeds and 
streambeds comprised of mud, sand, and gravel.  Freshwater mussel populations are most successful 
where water velocities are high enough to prevent excessive buildup of silt on the riverbed, and they 
generally cannot live on muddy or unconsolidated sandy bottom rivers or streams alone.  For freshwater 
mussels to survive, river bottoms need to be rock, gravel, or firm sand.   

During their larval stage, most freshwater mussel species rely on fish as hosts, although a few species 
utilize amphibians or metamorphose without a host.  Each species of freshwater mussel relies on a 
specific host species; its larvae (glochidia) can only parasitize that species.  Glochidia that encounter the 
incorrect host species are rejected by the host’s immune system and the continued recruitment of a 
freshwater mussel species is dependent on the continued presence of its host species.   

In summary, mollusk species that may occur in Luce Bayou, Lake Houston, and the Trinity River below 
the Livingston Dam are listed in Table 3-19.  Appendix E includes summaries of investigations 
conducted to investigate for the presence of freshwater mussels in the area of the Alternative 3A intake 
structure and discharge location (AECOM 2012). 
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Table 3-19:  
Mollusk Species that May Occur in Luce Bayou, Lake Houston, and  

the Trinity River below Livingston Dam 

Species of Concern 
Creeper (Squawfoot) Strophitus undulatus 
Fawnsfoot Truncilla donaciformis 
Little spectaclecase Villosa lienosa 
Louisiana pigtoe Pleurobema riddellii 
Pistolgrip Tritogonia verrucosa 
Rock-pocketbook Arcidens confragosus 
Sandbank pocketbook Lampsilis satura 
Texas heelsplitter Potamilus amphichaenus 
Texas pigtoe Fusconaia askewi 
Wabash pigtoe Fusconaia flava 

Non-listed Species 
Threeridge Amblema plicata 
Flat floater Anodonta suborbiculata 
Tampico pearlymussel Cyrtonaias tampicoensis 
Round pearlshell Glebula rotundata 
Louisiana fatmuket Lampsilis hyiana 
Yellow sandshell Lampsilis teres 
White heelsplitter Lasmigona complanata 
Fragile papershell Leptodea fragilis 
Pond mussel Ligumia subrostrata 
Washboard Megalonaias nervosa 
Threehorn wartyback Obliquaria reflexa 
Bankclimber Plectomerus dombeyanus 
Louisiana pigtoe Pleurobema riddellii 
Pink papershell Potamilus ohiensis 
Bleufe Potamilus purpuratus 
Giant floater Pyganodon grandis 

Species of Concern – Non Listed Species 
Southern mapleleaf Quadrula apiculata 
Western pimpleback Quadrula mortoni 
Gulf mapleleaf Quadrula nobilis 
Lilliput Toxolasma parvus 
Texas Lilliput Toxolasma texasiensis 
Deertoe Truncilla truncata 
Tapered pondhorn Uniomerus declivis 
Pondhorn Uniomerus tetralasmus 
Paper pondshell Utterbackia imbecillis 

3.8 Threatened and Endangered Species 
The Endangered Species Act (ESA) of 1973 (16 U.S.C. §1531-1544) regulates a wide range of activities 
affecting flora and fauna classified as endangered or threatened.  Reauthorized in 1988, provisions of the 
Act apply to species listed in the Federal Register as endangered or threatened.  Under the provisions of 
the ESA, all Federal agencies are required to undertake programs for conservation of threatened and 
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endangered species and are prohibited from authorizing, funding, or carrying out any action that would 
jeopardize a listed species or destroy or alter its critical habitat (USFWS 2012).  Individuals killed or 
harmed during the construction or operation of any type of facility would be considered “a take”.  The ESA 
also provides for the protection of habitat critical to the survival and recovery of the species and creation 
of a recovery plan for each listed species. 

A species may be classified as “endangered” when it is in danger of extinction within the foreseeable 
future in all or a significant portion of its range.  A “threatened” classification is assigned to a species likely 
to become endangered within the foreseeable future in all or a significant portion of its range.  A “species” 
includes any species or subspecies of fish, wildlife, or plant, excluding insects.  It also includes any 
variety of plant or any distinct population segment of any vertebrate species that interbreeds when 
mature.  Actions affecting species proposed for listing would require the same coordination with state and 
Federal agencies as those actions affecting listed species. 

The USFWS, in Section 3(5)(A) of the ESA, defines critical habitat as (i) the specific areas within the 
geographical area occupied by the species, at the time that it is listed in accordance with the ESA, on 
which are found those physical or biological features that are (I) essential to the conservation of the 
species and (II) that may require special management considerations or protection; and (ii) specific areas 
outside the geographical area occupied by a species at the time it is listed, upon a determination that 
such areas are essential for the conservation of the species.   

The USFWS and the NMFS share responsibility for administration of the ESA.  In general, the USFWS is 
responsible for terrestrial and freshwater species and migratory birds, while the NMFS regulates and 
protects marine species and anadromous fish. 

The State of Texas also has enacted laws regulating threatened and endangered species.  In 1973, the 
Texas legislature authorized TPWD to establish a list of endangered and threatened animals in the state 
(TPWD 2012).  TPWD regulations prohibit the “taking”, possession, transportation, or sale of any species 
designated by state law as endangered or threatened without a permit.  State laws and regulations 
prohibit commerce in threatened and endangered plants and the collection of listed species on public land 
without a permit issued by TPWD.  These laws apply to individuals, municipalities, and all organizations. 

Threatened and endangered animal and plant species potentially occurring in Harris and Liberty Counties 
are provided in Table 3-20 and summarized below. 

3.8.1 Alternative 3A, Alternative 4 and Alternative 6 
No known or proposed critical habitat occurs in the ROW of the proposed action alternatives. 

Table 3-20:  
Federally and State Listed Threatened and Endangered Species  

for Harris and Liberty Counties, Texas 

Common 
Name 

Scientific 
Name 

State 
Status 

Federal 
Status County Habitat 

Description 

Habitat Potentially 
Present 

Alternatives 3A, 4 and 6 
Amphibians 

Houston Toad Anaxyrus 
houstonensis E LE Harris/ 

Liberty 

Sandy substrate, 
water in pools, 

ephemeral pools, 
stock tanks 

No 
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Common 
Name 

Scientific 
Name 

State 
Status 

Federal 
Status County Habitat 

Description 

Habitat Potentially 
Present 

Alternatives 3A, 4 and 6 
Birds 

American 
Peregrine 

Falcon 

Falco 
peregrinus 

anatum 
T DL Harris/ 

Liberty 

Nests in tall cliff 
eyries; 

concentrations 
along coast and 
barrier islands; 

lake shores, 
coastlines, and 
barrier islands 

Transit Migrant 

Arctic 
Peregrine 

Falcon 

Falco 
peregrinus 

tundrius 
  DL Harris/ 

Liberty 

Concentrations 
along coast and 
barrier islands; 

lake shores, 
coastlines, and 
barrier islands 

Transit Migrant 

Bachman’s 
Sparrow 

Aimophila 
aestivalis T   Liberty 

Open pine woods 
with scattered 
bushes and 

grassy understory, 
brushy or 

overgrown fields 
with thickets and 
brambles; nests 

on ground against 
grass tuft or under 

low shrub 

No 

Bald Eagle Haliaeetus 
leucocephalus T DL Harris/ 

Liberty 

Primarily near 
rivers and large 

lakes; nests in tall 
trees or on cliffs 

near water 

Yes 

Black Rail Laterallus 
jamaicensis     Harris 

Salt, brackish, and 
freshwater 

marshes, pond 
borders, wet 

meadows, and 
grassy swamps 

No 

Brown Pelican Pelecanus 
occidentalis E DL Harris 

Largely coastal 
and near shore 
areas, where it 

roosts and nests 
on islands and 

spoil banks 

Transit Migrant 
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Common 
Name 

Scientific 
Name 

State 
Status 

Federal 
Status County Habitat 

Description 

Habitat Potentially 
Present 

Alternatives 3A, 4 and 6 

Henslow’s 
Sparrow 

Ammodramus 
henslowii     Harris/ 

Liberty 

Weedy fields or 
cut-over areas 
where lots of 

bunch grasses 
occur along with 

vines and 
brambles; bare 

ground for 
running/ walking 

Yes 

Mountain 
Plover 

Charadrius 
montanus     Harris 

Shortgrass plains 
and bare, dirt 

fields 
Yes 

Peregrine 
Falcon 

Falco 
peregrinus T DL Harris/ 

Liberty 

Migrant across the 
state; winters 

along coast; see 
subspecies for 

habitat 

Transit Migrant 

Piping Plover Charadrius 
melodus T LT Liberty 

Beaches and 
bayside mud or 

salt flats 
No 

Red-cockaded 
Woodpecker 

Picoides 
borealis E LE Harris/ 

Liberty 

Nests in older 
pine; forages in 
younger pine; 

prefers longleaf, 
shortleaf, and 

loblolly 

No 

Snowy Plover Charadrius 
alexandrinus     Harris 

Potential migrant; 
winters along 

coast 
No 

Southeastern 
Snowy Plover 

Charadrius 
alexandrines 
tenuirostris 

    Harris 

Wintering migrant 
along the Texas 

Gulf Coast 
beaches and 

bayside mud or 
salt flats 

No 

Sprague’s Pipit Anthus 
spragueii   C Harris/ 

Liberty 

Strongly tied to 
native upland 
prairie, can be 

locally common in 
coastal 

grasslands, 
uncommon to rare 

further west; 
sensitive to patch 
size and avoids 

edges 

No 
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Common 
Name 

Scientific 
Name 

State 
Status 

Federal 
Status County Habitat 

Description 

Habitat Potentially 
Present 

Alternatives 3A, 4 and 6 

Swallow-tailed 
Kite 

Elanoides 
forficatus T   Liberty 

Lowland forested 
regions, especially 

swampy areas, 
ranging into open 

woodland; 
marshes, along 

rivers, lakes, and 
ponds 

Yes 

White-faced 
Ibis Plegadis chihi T   Harris/ 

Liberty 

Freshwater 
marshes, sloughs, 
and irrigated rice 

fields, but will 
attend brackish 
and saltwater 

habitats 

Yes 

White-tailed 
Hawk 

Buteo 
albicaudatus T   Harris 

Near coast on 
prairies, cordgrass 

flats, and 
scrub-live oak; 

farther inland on 
prairies, mesquite, 
and oak savannas 

and mixed 
savanna-chaparral 

No 

Whooping 
Crane 

Grus 
Americana E LE Harris 

Potential migrant 
via plains 

throughout most of 
state to coast 

Transit Migrant 

Wood Stork Mycteria 
americana T   Harris/ 

Liberty 

Forages in prairie 
ponds, flooded 

pastures or fields, 
ditches, and other 
shallow standing 
water, including 

salt-water 

Yes 

Fishes 

American Eel Anguilla 
rostrata     Harris/ 

Liberty 

Muddy bottoms, 
still waters, large 
streams, lakes, 

brackish estuaries 
with access to 

ocean 

Yes 
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Common 
Name 

Scientific 
Name 

State 
Status 

Federal 
Status County Habitat 

Description 

Habitat Potentially 
Present 

Alternatives 3A, 4 and 6 

Creek 
Chubsucker 

Erimyzon 
oblongus T   Harris/ 

Liberty 

Variety of small 
rivers and creeks, 

prefers 
headwaters 

No 

Paddlefish Polyodon 
spathula T   Liberty 

Large, free-flowing 
rivers, also 
frequents 

impoundments 
with access to 

spawning areas 

Yes 

Smalltooth 
Sawfish 

Pristis 
pectinata E LE Harris 

Sheltered bays, 
estuaries and river 

mouths 
No 

Insects 

Gulf Coast 
Clubtail 

Gomphus 
modestus     Liberty 

Medium river with 
moderate gradient 
and streams with 
silty sand or rocky 

bottoms; adults 
forage in trees, 

males 

Yes 

Mammals 

Black Bear Ursus 
americanus T T/SA; 

NL Liberty 

Bottomland 
hardwoods; large, 

undisturbed 
forests 

Yes 

Louisiana Black 
Bear 

Ursus 
americanus 

luteolus 
T LT Harris/ 

Liberty 

Bottomland 
hardwoods; large, 

undisturbed 
forests 

Yes 

Plains Spotted 
Skunk 

Spilogale 
putorius 

interrupta 
    Harris/ 

Liberty 

General; woods, 
fields, prairies, 

shrub 
Yes 

Rafinesque’s 
Big-eared Bat 

Corynorhinus 
rafinesquii T   Harris/ 

Liberty 

Cavity trees of 
bottomland  
hardwoods, 

concrete culverts, 
abandoned 
man-made 
structures 

Yes 
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Common 
Name 

Scientific 
Name 

State 
Status 

Federal 
Status County Habitat 

Description 

Habitat Potentially 
Present 

Alternatives 3A, 4 and 6 

Red Wolf Canis rufus E LE Harris/ 
Liberty 

Extirpated; 
formerly known 

throughout 
eastern half of 

Texas in brushy 
and forested 

areas, as well as 
coastal prairies 

No 

Southeastern 
Myotis Bat 

Myotis 
austroriparius     Harris/ 

Liberty 

Cavity trees of 
bottomland 
hardwoods, 

concrete culverts, 
and abandoned 

man-made 
structures 

Yes 

Mollusks 

Creeper 
(Squawfoot) 

Strophitus 
undulatus     Liberty 

Small to large 
streams with 

gravel or gravel 
and mud 

substrates 

Yes 

Fawnsfoot Truncilla 
donaciformis     Liberty 

Small and large 
rivers with a 

variety of 
substrates and 
flow conditions 

Yes 

Little 
Spectaclecase Villosa lienosa     Harris/ 

Liberty 

Creeks, rivers, 
reservoirs, sandy 

substrates in slight 
to moderate 

current, usually 
along banks 

Yes 

Louisiana 
Pigtoe 

Pleurobema 
riddellii T   Harris/ 

Liberty 

Streams and 
moderate-size 
rivers; usually 

flowing water on 
substrates of mud, 
sand, and gravel 

Yes 

Sandbank 
Pocketbook 

Lampsilis 
satura T   Harris/ 

Liberty 

Small to large 
rivers with 

moderate flows 
and swift current 

on gravel, 
gravel-sand, and 

sand bottoms 

Yes 
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Common 
Name 

Scientific 
Name 

State 
Status 

Federal 
Status County Habitat 

Description 

Habitat Potentially 
Present 

Alternatives 3A, 4 and 6 

Texas 
Heelsplitter 

Potamilus 
amphichaenus T   Liberty 

Quiet waters in 
mud or sand and 
also in reservoirs 

Yes 

Wabash Pigtoe Fusconaia 
flava     Harris/ 

Liberty 

Creeks to large 
rivers on mud, 

sand and gravel, 
not in deep 

shifting sands. 

Yes 

Reptiles 

Alligator 
Snapping Turtle 

Macrochelys 
temminckii T   Harris/ 

Liberty 

Perennial 
waterbodies; deep 

water of rivers, 
canals, lakes and 

oxbows; also 
swamps, bayous, 
and ponds near 
deep running 

water 

Yes 

Green Sea 
Turtle 

Chelonia 
mydas T LT Harris 

Gulf and bay 
system; shallow 
water seagrass 

beds, open water 
between feeding 

and nesting areas, 
barrier island 

beaches 

No 

Gulf Saltmarsh 
Snake Nerodia clarkii     Harris 

Saline flats, 
coastal bays, and 

brackish river 
mouths 

No 

Kemp’s Ridley 
Sea Turtle 

Lepidochelys 
kempii E LE Harris 

Gulf and bay 
system, adults 
stay within the 

shallow waters of 
the Gulf of Mexico 

No 
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Common 
Name 

Scientific 
Name 

State 
Status 

Federal 
Status County Habitat 

Description 

Habitat Potentially 
Present 

Alternatives 3A, 4 and 6 

Leatherback 
Sea Turtle 

Dermochelys 
coriacea E LE Harris 

Gulf and bay 
systems, and 
widest ranging 

open water reptile 

No 

Loggerhead 
Sea Turtle 

Caretta 
caretta T LT Harris 

Gulf and bay 
system primarily 

for juveniles, 
adults are most 
pelagic of sea 

turtles 

No 

Louisiana Pine 
Snake 

Pituophis 
ruthveni T C Liberty 

Mixed 
deciduous/longleaf 

pine woodlands 
Yes 

Northern 
Scarlet Snake 

Cemophora 
coccinea 

copei 
T   Liberty 

Mixed hardwood 
scrub on sandy 

soils 
Yes 

Smooth Green 
Snake 

Liochlorophis 
vernalis T   Harris 

Gulf Coastal Plain; 
mesic coastal 

shortgrass prairie 
vegetation; prefers 
dense vegetation 

No 

Texas Horned 
Lizard 

Phrynosoma 
cornutum T   Harris/ 

Liberty 

Open, arid and 
semi-arid regions 

with sparse 
vegetation, 

including grass, 
cactus, scattered 
brush or scrubby 
trees; soil may 
vary in texture 
from sandy to 
rocky; burrows 
into soil, enters 

rodent burrows, or 
hides under rock 

when inactive 

No 
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Common 
Name 

Scientific 
Name 

State 
Status 

Federal 
Status County Habitat 

Description 

Habitat Potentially 
Present 

Alternatives 3A, 4 and 6 

Timber/ 
Canebrake 
Rattlesnake 

Crotalus 
horridus T   Harris/ 

Liberty 

Swamps, 
floodplains, upland 

pine and 
deciduous 
woodlands, 

riparian zones, 
abandoned 
farmland; 

limestone bluffs, 
sandy soil or black 

clay; prefers 
dense ground 

cover 

Yes 

Plants 

Coastal 
Gay-feather 

Liatris 
bracteata     Harris 

Texas endemic; 
coastal prairie 
grasslands of 

various types from 
salty prairie on 
low-lying saline 
clay loams to 

upland prairie on 
nonsaline clayey 
to sandy loams 

No 

Giant 
Sharpstem 

Umbrella-sedge 

Cyperus 
cephalanthus     Harris 

In Texas on 
saturated, fine 

sandy loam soils, 
along nearly level 

fringes of deep 
prairie 

depressions; also 
in depressional 

area within coastal 
prairie remnant on 
heavy black clay; 
soils include very 
strongly acid to 

moderately 
alkaline silt loams 

and silty clay 
loams 

No 
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Common 
Name 

Scientific 
Name 

State 
Status 

Federal 
Status County Habitat 

Description 

Habitat Potentially 
Present 

Alternatives 3A, 4 and 6 

Houston Daisy Rayjacksonia 
aurea     Harris 

Texas endemic; 
on and around 

naturally barren or 
sparsely 

vegetated saline 
slick spots or 

pimple mounds on 
coastal prairies, 
usually on sandy 

to sandy loam 
soils, sometimes 

in pastures and on 
roadsides in 

similar soil types 
where mowing 

may mimic natural 
prairie disturbance 

regimes 

No 

Texas 
Meadow-rue 

Thalictrum 
texanum     Harris 

Texas endemic; 
found in 

woodlands and 
woodland margins 

on soils with a 
surface layer of 
sandy loam, but 
also on prairie 

pimple mounds; 
both on uplands 

and creek 
terraces, but 
perhaps most 
common on 

claypan savannas 

Yes 

Texas Prairie 
Dawn 

Hymenoxys 
texana E LE Harris 

Texas endemic, in 
poorly drained, 

sparsely 
vegetated areas 

(slick spots) at the 
base of mima 

mounds in open 
grassland or 

almost barren 
areas on slightly 

saline soils 

No 
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Common 
Name 

Scientific 
Name 

State 
Status 

Federal 
Status County Habitat 

Description 

Habitat Potentially 
Present 

Alternatives 3A, 4 and 6 

Texas 
Windmill-grass 

Chloris 
texensis     Harris 

Texas endemic; 
sandy to sandy 

loam soils in 
relatively bare 

areas in coastal 
prairie grassland 

remnants, often on 
roadsides where 
regular mowing 

may mimic natural 
prairie fire regimes 

No 

Threeflower 
Broomweed 

Thurovia 
triflora     Harris 

Texas endemic; 
near coast in 
sparse, low 

vegetation on a 
veneer of light 

colored silt or fine 
sand over saline 
clay along drier 

upper margins of 
ecotone between 
salty prairies and 
tidal flats; further 
inland associated 

with vegetated 
slick spots on 
prairie mima 

mounds 

No 

Source: TPWD 2011 
Notes: 
LE, LT = Federally Listed Endangered/Threatened E, T = State Listed Endangered/Threatened 
C = Federal Candidate for Listing; formerly Category 1 Candidate  NL = Not Federally Listed 
T/SA = Listed Endangered or Threatened on basis of similarity of appearance DL = Federally Delisted 
“blank” = Rare, but with no regulatory listing status  

3.8.2 TPWD Natural Diversity Database Research 

3.8.2.1 Alternative 3A  
On May 27, 2011, TPWD performed a search for rare species within the Natural Diversity Database 
(NDD) for an area within one-mile radius of the proposed Alternative 3A.  Based on this review, identified 
rare species or habitat types primarily occurred adjacent to the Trinity River in the eastern half of the 
Alternative 3A ROW.  The single species listed by the NDD within the vicinity of Alternative 3A ROW is 
the Bald Eagle.  No other Federal- or state-listed endangered or threatened species, or species of 
concern, were observed in the vicinity of Alternative 3A ROW. 

In addition to listed species, the NDD also has information on colonial waterbird rookeries, special 
vegetation communities, and migratory bird fallout areas.  A rookery has been reported along the Trinity 
River approximately 0.5 miles east of the eastern terminus of the Alternative 3A ROW.  The Willow Oak – 
Water Oak – Black Gum Forest dominated vegetation series are reported as occurring approximately 
1,000 feet north and directly to the south of the Trinity River in the vicinity of Capers Ridge. 
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3.8.2.2 Alternative 4 
Species identified in the TPWD NDD for Alternative 3A may also be present in Alternative 4; if these 
alternatives are selected for further review a TPWD search for rare species within the NDD for an area 
within one-mile radius of the proposed Alternative 4 would be performed.  

3.8.2.3 Alternative 6 
Species identified in the TPWD NDD for Alternative 3A may also be present in Alternative 6; if these 
alternatives are selected for further review a TPWD search for rare species within the NDD for an area 
within one-mile radius of the proposed Alternative 6 would be performed.  

3.8.3 Nuisance, Exotic and Invasive Species 
An invasive species is defined as a species that is non-native or “alien” to the ecosystem or habitat under 
consideration and may cause economic, environmental, or human health harm (Executive Order 13112, 
February 1999).  Invasive species can be spread by a number of different methods including boat hulls. 
Invasive species may also be introduced by imported nursery stock and fruits, on vehicles, in packing 
materials and shipping containers, through human-built canals, and from human travel.  Dumping 
aquarium exotic fish and unwanted exotics into the water or wild are other common ways invasive 
species spread (TexasInvasives.org 2010). 

3.8.3.1 Alternative 3A, Alternative 4 and Alternative 6 
The introduction of exotic species into natural areas has always been a concern due to the potential for 
detrimental ecological effects on a native ecological system.  The following discussion describes the 
species listed in Table 3-21 which have been identified in both the San Jacinto and Trinity River basins. 
Table 3-21 summarizes 20 fish species that have been documented in both the Trinity and the 
San Jacinto Rivers with six of these fish species being native transplants.  Native transplants have the 
least amount of concerns associated with them because they have been historically introduced over the 
years for various reasons, including their value as a viable commercial or recreational fishery resource, 
for population restoration efforts, or for purposes such as biological control of noxious plants or other 
species.  Native transplants are not discussed in great detail in the following discussion nor are fish 
species documented in both river basins at the time this report was produced.  

The discussion in this section focuses on species listed in Table 3-21 that have been documented 
exclusively in one river basin or the other as it relates to concerns of potential incidental species transfers 
or introduction between river basins.  It is presumed that any incidental transfer of fish between river 
basins would occur from the Trinity to the San Jacinto, following the direction of flow from the pump 
station to the discharge point.  It is also presumed that survival rates of fish incidentally transported 
through the pump station would be minimal.  Four species summarized by Table 3-21 are documented 
exclusively in the Trinity River basin.  Of these four species, the paddlefish (Polyodon spathula) is a 
native transplant whose populations have been impacted historically by the caviar industry and other 
factors, such as construction of dams (TPWD).  The paddlefish represents relics of an ancient and 
primitive group and is the only member of the Polyodontidae family to exist in the Americas (Eddy & 
Underhill 1978).  The paddlefish is found in the larger streams and connected waters of the Mississippi 
drainage and has been known to spawn over gravel bars in swift waters (Eddy & Underhill 1978).  The 
paddlefish is listed as a species of concern and a potential T&E species due to declining populations over 
several decades, which will be discussed in the T&E section of this report.  The other three (3) species 
listed in Table 3-21 and documented exclusively in the Trinity River include the Tench (tinca tinca), a 
native European fish which was introduced into the United States in the late 1800s for food and sport and 
has been documented in 38 states within the U.S.  The last two species listed in Table 3-21 identified 
exclusively in the Trinity River in the dataset examined for this report include the Bigeye Lates 
(Lates mariae) and the Red-bellied Pacu (Piaractus brachypomus).  The Bigeye Lates is a fish native to 
parts of Africa which was introduced into east Texas by the TPWD for sport fishing in the 1980s.  All 
populations of this fish are currently thought to be extirpated (USGS 2008).  The Red-bellied Pacu 
(Piaractus brachypomus) was likely introduced by an aquarium release and is a prized food fish in South 
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America where it is a native.  It has been known to be present in the Amazon River.  This fish has been 
reported in 19 states, including Texas, and reinforces the theory that aquarium releases provide a 
mechanism for the introduction of many nuisance, exotic, and noxious species.   

Twelve of the species listed in Table 3-21 are documented exclusively in the San Jacinto River.  Of 
these, three are native transplants, while the other nine are not.  The native transplants include the 
Rainbow Trout (Oncorhynchus mykiss), the Walleye (Sander vitreus), and the Rio Grande Cichlid 
(Cichlasoma cyanoguttatum).  Both the Walleye and the Rainbow Trout have been stocked extensively 
throughout the U.S. for sport fishing, while the Rio Grande Cichlid is the only cichlid native to the U.S. 
(Rio Grande Valley) and deliberately introduced into other watersheds.  The other nine species listed in 
Table 3-21 identified exclusively in the San Jacinto River basin include the Common Carp (Cyprinus 
carpio) and the Bighead Carp (Hypophthalmichthys nobilis), both deliberately introduced and imported as 
a food fish in the 1800s.  They are now found commonly throughout the United States and regarded as 
invasive species as time has shown.  The Leopard Catfish (Perrunichthys perruno), the Sailfin Catfish 
(Pterygoplichthys sp), the Southern Sailfin Catfish (Pterygoplichthys anisitsi), and the Suckermouth 
Catfish (Hypostomus plecostomus) have all been likely introduced from aquarium releases, although little 
is known about the introduction and population of the Leopard Catfish and the Sailfin Catfish, which have 
appeared in tidal and urban bayous in the Houston, Texas area in recent decades (USGS 2008).   The 
Goldfish (Carassius auratus) was imported from Europe in the 17th century and has been recorded in 
every state in the lower 48.  The Rudd (Scardinius erythrophthalmus) is believed to have been introduced 
by means of bait bucket releases sometime in the 19th century and has been documented in at least 20 
states.  The Nile Tilapia (Oreochromis niloticus) was introduced for aquaculture purposes and introduced 
to open waters by escape.  Established in Mississippi, Nile Tilapia have been documented in Texas tidal 
bayous and associated freshwater rivers.  It is a native to tropical and subtropical Africa and the Middle 
East. 

Table 3-21:  
Nuisance, Exotic and Noxious Fish Species of the San Jacinto and the Trinity Rivers 

Common 
Name Scientific Name Species Description Location Origin 

Bass, Florida 
Largemouth 

Micropterus salmoides 
floridanus 

Introduced by stocking.  Inhabits clear, vegetated 
lakes, swamps, and backwaters of creeks and rivers.  
Very large mouth; upper jaw extends well past the 
eye.  Broad black stripe along its side as far forward 
as the eye.  Up to 25 inches in length. 

SJ, TR Native 
Transplant 

Bigeye Lates Lates mariae Stocked in the 1980s by TPWD for sportfishing 
purposes in East Texas.  Endemic to Lake 
Tanganyika in Africa, all US populations are thought 
to be extirpated. 

TR Exotic 

Carp, Bighead Hypophthalmichthys 
nobilis 

Imported to the US by a farmer in Arkansas wanting 
to improve water quality and fish production.  This 
carp feeds on zooplankton and can disrupt food 
chains as can all carp.  Prefers large river habitats. 

SJ Exotic 

Carp, Common Cyprinus carpio Originally native to Asia, these fish feed on both plant 
and animal material.  Possesses two barbells (the 
rear one is larger) on each side of the upper jaw.  
Inhabits all water types across Texas. 

SJ Exotic 

Carp, Grass Ctenopharyngodon 
idella 

Grass carp were introduced in 1963 from Asia for 
biological control of aquatic vegetation.  Grass carp 
tend to compete for food with invertebrates and other 
macroinvertebrates.  They also modify habitat in a 
negative way for other species.  Inhabits all water 
types across Texas. 

SJ, TR Exotic 
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Common 
Name Scientific Name Species Description Location Origin 

Cichlid, Rio 
Grande 

Cichlasoma 
cyanoguttatum 

A warmer water species, the Rio Grande Cichlid was 
first introduced taken from a canal in Arizona and 
transplanted in Florida and Texas.  Prefers flowing 
water no cooler than 14°C. 

SJ Native 
Transplant 

Catfish, 
Leopard 

Perrunichthys perruno Introduction was probably from an aquarium release.  
Native to South America, an angler took one from 
Cedar Bayou near Galveston Bay in 1992.  Current 
populations are unknown.   

SJ Exotic 

Catfish, Sailfin Pterygoplichthys sp. Several species have been taken from Brays Bayou 
in Harris County, Texas.  Known occurrences in 
Nevada and Florida as well.  Very little information is 
known about the introduction of the species or life 
history. 

SJ Exotic 

Catfish, 
Southern Sailfin 

Pterygoplichthys 
anisitsi 

Probably introduced by an aquarium release.  
Several species were taken from a pond in the 
Galveston Bay basin.  Now reproducing in several 
natural streams in the South.  Feeds on algae and 
benthic matter and can disrupt the aquatic food 
chain. 

SJ Exotic 

Catfish, 
Suckermouth 

Hypostomus 
plecostomus 

Introduced by aquarium release, reproducing species 
now occur in rivers and creeks near San Antonio, 
Texas, as well as portions of White Oak Bayou in 
Harris County, Texas.  This fish competes with native 
algae eaters for food. 

SJ Exotic 

Drum, Red Sciaenops ocellatus Introduction by TPWD stocking.  Freshwater species 
are unable to reproduce and must be repeatedly 
stocked.  Feeds heavily on mussels. 

SJ, TR Native 
Marine 

Transplant 
Goldfish Carassius auratus Introduced in the 17th century from Europe.  Habitat 

includes quiet backwaters of streams and pools with 
vegetation.  Has been recorded in every state in the 
Lower 48. 

SJ Exotic 

Paddlefish Polyodon spathula Stocked in East Texas lakes in the early 1990s.  
Native to the Mississippi River basin.  During Tropical 
Storm Alberto in 1994, approximately 1,200 
paddlefish escaped an aquaculture facility in Georgia.   

TR Native 
Transplant 

Red-bellied 
Pacu 

Piaractus 
brachypomus 

Introduced most likely by aquarium release.  Is a 
prized food fish in South America where it is a native 
of the Amazon River amongst others.  Reported 
population in 19 states, including Texas. 

TR Exotic 

Rudd Scardinius 
erythrophthalmus 

Bait bucket release is thought to be the means of 
introduction, sometime in the 19tthcentury.  Introduced 
in 20 states, it feeds primarily on macrophytes and 
algae. 

SJ Exotic 

Tench Tinca tinca Native to Europe, this fish was imported to the US 
from Germany in 1877 for food and sport.  It has 
been documented in 38 states.  Diet consists of 
aquatic insect larvae and mollusks.   

TR Exotic 

Tilapia, Blue Oreochromis aurea Introduced by stocking, experimental work, and 
individuals.  Inhabits warm, weedy waters in lakes, 
ponds, streams, rivers, and canals.  Adults are dark 
grey-blue in color on the back transitioning into white 
underneath.  Feeds primarily on plankton and can 
reach 20 inches in length. 

SJ, TR Exotic 
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Common 
Name Scientific Name Species Description Location Origin 

Tilapia, Nile Oreochromis niloticus Introduced for aquaculture purposes and introduced 
to open waters by escape.  Established in 
Mississippi, recordings have been documented in 
Texas in tidal bayous and associated freshwater 
rivers.  Native to tropical and subtropical Africa and 
the Middle East.   

SJ Exotic 

Trout, Rainbow Oncorhynchus mykiss Extensively stocked in the US for sport fish purposes 
by state and federal agencies.  Tends to hybridize 
with other rare trout species.  Needs cold to cool 
water to survive and reproduce. 

SJ Native 
Transplant 

Walleye Sander vitreus Intentionally stocked as a food fish and for 
sportfishing.  Introduced into many Texas river and 
lake systems.  Flourishes in colder water habitats.   

SJ Native 
Transplant 

3.8.4 Invasive Plants 

3.8.4.1 Alternative 3A, Alternative 4 and Alternative 6 
Invasive flora in the area of the proposed project includes giant salvinia (Salvinia molesta).  Giant salvinia 
is a non-native aquatic plant that grows rapidly through vegetative reproduction and is tolerant of 
environmental stress, thereby making it an aggressive species competing with native aquatic vegetation 
and ecosystems.  Giant salvinia is known to occur in both the San Jacinto River and Trinity River 
watersheds.  It is reported to be in Lake Conroe and Sheldon Reservoir.  Large infestations have not 
affected Lake Houston.  Giant salvinia is present in the San Jacinto and Trinity River watersheds.   

3.8.5 Zebra Mussels 
Zebra mussels are regulated under the Aquatic Nuisance Prevention and Control Act of 1990 (Act).  
Under this Act, the Aquatic Nuisance Species Task Force (16 U.S.C. 4721) was authorized.  The Aquatic 
Nuisance Species Task Force (Task Force) was mandated to develop and implement a program to 
prevent introduction and dispersal of aquatic nuisance species; to monitor, control and study such 
species; and, to disseminate related information (16 U.S.C. 4722).  The zebra mussel is a highly invasive 
aquatic species that multiplies rapidly and can cause tremendous environmental and economic damage.  
This bivalve mollusk, originally from the Balkans, Poland, and the former Soviet Union, has become 
established in Europe and is currently found in 29 states of the United States.  According to the online 
National Atlas of the United States, "Once zebra mussels become established in a water body, they are 
impossible to eradicate with the technology currently available.” 

3.8.5.1 Alternative 3A, Alternative 4 and Alternative 6 
Section 216 of the River and Harbor and Flood Control Act of 1970 authorized the Chief of Engineers to 
review the operation of completed projects when found advisable due to significantly changed physical or 
economic conditions and to report to Congress with recommendations on the advisability of modifying the 
structures or their operation for improving the quality of the environment in the overall public interest. 

On April 3, 2009, the first adult zebra mussel in Texas waters was confirmed living in Lake Texoma.  
Invasive zebra mussels were also found in a stream that feeds into Lake Lavon.  Experts fear they could 
eventually spread throughout the Red and Trinity River systems as well as much of Texas.  Both river 
systems extend southward to the Gulf of Mexico.  Recent surveys have found zebra mussels at 
numerous sites in that reservoir.  Denison Dam on Lake Texoma and appurtenant structures are owned 
by the Federal government and are operated by the USACE Tulsa District.  Zebra mussels have been 
recently discovered in the Trinity River basin above Lake Lavon, Texas and are thought to have been 
transferred from Lake Texoma.  Lake Texoma is a reservoir constructed by the USACE on the Red River 
that was operational in 1944.  The Red River forms the state boundary between Texas and Oklahoma.  It 
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is thought that the zebra mussels reached Oklahoma from barge traffic from the Mississippi River and 
Arkansas River systems.  Invasive species controls by the USACE Fort Worth and Tulsa Districts have 
been implemented to control the spread of the zebra mussel in Lake Texoma and upstream of Lake 
Lavon.  Lake Lavon is the headwaters of the Trinity River and is located approximately 400 miles 
upstream of the proposed LBITP project. 

A September 10, 2010, article in the Dallas Morning News chronicled the efforts of TPWD technicians to 
eradicate zebra mussels from West Fork Sister Grove Creek where the outfall structure is located that 
discharges water from Lake Texoma to Lake Lavon.  At the outfall structure, the West Fork Sister Grove 
Creek is an intermittent to perennial stream with no public access.  Pumping of water from Lake Texoma 
has ceased at the request of the USACE.  The North Texas Water Supply District that obtains water from 
Lake Texoma has requested that additional water from Lake Ray Hubbard and Lake Sam Rayburn be 
available during the time when Lake Texoma water is unusable due to zebra mussel concerns. 

The TPWD has been working with local, state, and Federal agencies, including the USACE and USFWS, 
water authorities, and water districts to develop a plan for dealing with the zebra mussel.  During 
sampling activities conducted by the TPWD in October 2009, no evidence of an active population of zebra 
mussels in Lake Lavon, headwaters of the Trinity River, downstream of Lake Texoma on the 
Oklahoma-Texas border, was identified.  However, in July 2012. the Texas Parks and Wildlife confirmed 
the discovery of zebra mussels in Lake Ray Roberts northwest of Dallas on the Trinity River Drainage.  
This is the first confirmed presence of a reproducing zebra mussel population in the upper Trinity River 
Drainage which puts all downstream reservoirs at risk of invasion including Lake Livingston.  McMahon’s 
zebra mussel monitoring research in northeastern Texas reservoirs picked up the presence of zebra 
mussel DNA in Lake Ray Roberts in an early June 2012 plankton sample.  (TPWD press release July 18, 
2012). 

3.8.6 Effects on Native Biota 

3.8.6.1 Alternative 3A, Alternative 4 and Alternative 6 
Zebra mussels have been reported to have both positive and negative effects on aquatic ecosystems.  
The high rate of filter feeding of zebra mussel populations, especially at high densities, typically results in 
increased water clarity (Lyakhnovich et al. 1988; MacIsaac 1996), allowing the penetration of sunlight and 
aquatic macrophyte growth to greater water depths. While this may increase habitat availability for 
structure-oriented fishes, excessive macrophyte growth may also hinder recreational opportunities due to 
beach fouling and unusable shoreline areas.   

Zebra mussels may also alter food web dynamics in aquatic ecosystems as a result of their filter feeding 
habits, removing phytoplankton, zooplankton, and nutrients from the water column and redistributing 
these energy sources to the benthos. Decreases in seston, organic matter, primary productivity, 
phytoplankton and zooplankton have been reported (Karatayev et al. 1997) and changes in primary and 
secondary productivity have the potential to result in cascade effects throughout the aquatic food web. 
Previous study has suggested that this may negatively impact fishes that utilize pelagic food resources 
during their life cycle (MacIsaac 1996), but enhance food resources for benthivorous and molluscivorous 
species due to increases in macroinvertebrate densities (Zheltenskova 1949; Lyagina and Spanowskya 
1963; Poddubnyi 1966; French and Burr 1993).  Bird species have also been known to forage extensively 
on zebra mussels (Molloy et al. 1997).  Though limited in number, studies investigating impacts of zebra 
mussels on fish have reported few effects. 

3.8.7 Field Investigations 

3.8.7.1 Alternative 3A  
The focus for the field investigations has been the identification of suitable habitat for wildlife species 
along the Alternative 3A ROW.  The approximately 26.5-mile long Alternative 3A ROW was inspected by 
two qualified biologists throughout the spring and summers of 2009, 2010 and 2011 (see Appendix D).   
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The Alternative 3A ROW includes the proposed Capers Ridge Pump Station and the Applicant’s 
proposed mitigation property located near the Alternative 3A terminus at the Trinity River.  Analysis and 
characterization of habitat and habitat impacts, species specific habitat analysis and characterization, and 
presence/absence surveys for threatened and/or endangered species were performed in a manner 
consistent with linear projects.  The USFWS and the TPWD threatened and endangered species lists 
were reviewed prior to field efforts.  A brief description is included for some species below.  The 
description was included for species that could possibly have habitat based on desktop review and are 
either federally or state-listed threatened or endangered species or the species is federally-listed.  Avian 
habitat descriptions were obtained from McFarlane & Associates, Inc. (McFarlane 2009). 

During the field investigations of the Alternative 3A ROW, all habitats and vegetation observed within and 
adjacent to the Alternative 3A ROW were analyzed and recorded.  Areas identified as potential habitat for 
threatened and/or endangered species were mapped using Global Positioning System (GPS) technology. 

USFWS and TPWD county lists of endangered and threatened species indicate that two different 
Federally-listed endangered, threatened, and candidate species may occur in Liberty and/or Harris 
Counties, Texas.  TPWD lists 57 species as threatened, endangered, or as a species of concern in the 
two counties.  Each species, the county of listed occurrence, the species state and/or Federal status, and 
the species habitat preference can be found in Table 3-20.  It should be noted that inclusion in this table 
does not imply that a species is known to occur in the proposed Alternative 3A ROW, but that there is a 
potential for occurrence.  Those species that USFWS lists as endangered or threatened have Federal 
protection under the Endangered Species Act.  Based on field investigations, habitat for state-listed 
threatened, endangered, or rare species may be present within some areas of the Alternative 3A ROW 
(see Appendix D). 

3.8.7.2 Alternative 4 
The focus for the investigations has been the identification of suitable habitat for wildlife species along the 
Alternative 4 ROW.  A thorough review of documents and databases was conducted for the analysis and 
characterization of habitat and habitat impacts, species specific habitat analysis and characterization, and 
presence/absence surveys for threatened and/or endangered species were performed in a manner 
consistent with linear projects.  The USFWS and the TPWD threatened and endangered species lists 
were reviewed.  A brief description is included for some species below.  The description was included for 
species that could possibly have habitat based on desktop review and are either federally or state-listed 
threatened or endangered species or the species is federally-listed.  Avian habitat descriptions were 
obtained from McFarlane & Associates, Inc. (McFarlane 2009). 

USFWS and TPWD county lists of endangered and threatened species indicate that two different 
Federally-listed endangered, threatened, and candidate species may occur in Liberty and/or Harris 
Counties, Texas.  TPWD lists 57 species as threatened, endangered, or as a species of concern in the 
two counties.  Each species, the county of listed occurrence, the species state and/or Federal status, and 
the species habitat preference can be found in Table 3-20.  It should be noted that inclusion in this table 
does not imply that a species is known to occur in the proposed Alternative 4 ROW, but that there is a 
potential for occurrence.  Those species that USFWS lists as endangered or threatened have Federal 
protection under the Endangered Species Act.  Based on a desktop review, habitat for state-listed 
threatened, endangered, or rare species may be present within some areas of the Alternative 4 ROW. 

3.8.7.3 Alternative 6 
The focus for the investigations has been the identification of suitable habitat for wildlife species along the 
Alternative 6 ROW.  A thorough review of documents and databases was conducted for the analysis and 
characterization of habitat and habitat impacts, species specific habitat analysis and characterization, and 
presence/absence surveys for threatened and/or endangered species were performed in a manner 
consistent with linear projects.   

The USFWS and the TPWD threatened and endangered species lists were reviewed.  A brief description 
is included for some species below.  The description was included for species that could possibly have 
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habitat based on desktop review and are either federally or state-listed threatened or endangered species 
or the species is federally-listed.  Avian habitat descriptions were obtained from McFarlane & Associates, 
Inc. (McFarlane 2009). 

USFWS and TPWD county lists of endangered and threatened species indicate that two different 
Federally-listed endangered, threatened, and candidate species may occur in Liberty and/or Harris 
Counties, Texas.  TPWD lists 57 species as threatened, endangered, or as a species of concern in the 
two counties.  Each species, the county of listed occurrence, the species state and/or Federal status, and 
the species habitat preference can be found in Table 3-20.  It should be noted that inclusion in this table 
does not imply that a species is known to occur in the proposed Alternative 4 ROW, but that there is a 
potential for occurrence.  Those species that USFWS lists as endangered or threatened have Federal 
protection under the Endangered Species Act.  Based on a desktop review, habitat for state-listed 
threatened, endangered, or rare species may be present within some areas of the Alternative 6 ROW. 

3.8.8 Amphibians 

3.8.8.1 Alternative 3A, Alternative 4 and Alternative 6 
The Houston Toad is a state and federally listed endangered species in Harris and Liberty Counties and 
burrows in soil of adjacent uplands when inactive.  Habitat for this species is not present based on field 
investigations conducted in the vicinity of the Alternative 3A ROW in 2009, 2010 and 2011.  This species 
and its habitat are unlikely to be present in the ROW of Alternatives 4 and 6.  

3.8.9 Birds 

3.8.9.1 Alternative 3A, Alternative 4 and Alternative 6 
There are two subspecies of the Peregrine Falcon found in Texas, the American Peregrine Falcon and 
the Arctic Peregrine Falcon.  Both forms of the falcon formerly were federally listed but their populations 
have sufficiently recovered and they have been delisted.  In Texas, the Arctic peregrine falcon remains 
classified as a rare species, and the American peregrine falcon is classified as threatened.  Both forms of 
the falcon migrate through the state and may overwinter, being present from September until May.  They 
feed on birds frequenting barrier islands, coastlines, lake shores, and urban areas.  No peregrine falcon 
subspecies were observed during the surveys conducted for the Alternative 3A ROW; this species is 
unlikely to be present in the ROW of Alternatives 4 and 6.  

The Bachman’s Sparrow is a state-listed threatened species.  The preferred habitat for this species is 
open pine forests with scattered bushes and a grassy understory.  In the near absence of forest fires in 
recent decades, this habitat has disappeared.  The species has been forced into overgrown fields with 
thickets and brambles.  Liberty County is the southernmost county of its potential range in Texas, and the 
southwesternmost locality of its range in the United States.  This rare species has not been seen since 
1989 in this area.  For Alternative 3A, all patches of pine forest encountered were examined for their 
suitability as habitat but none of the pine forested areas were deemed suitable and no Bachman’s 
Sparrows were observed during the surveys conducted.  This species and its habitat are unlikely to be 
present in the ROW of Alternatives 4 and 6.  

The Bald Eagle is a state-listed threatened species in both Liberty and Harris Counties.  The primary 
habitat of this piscivorous raptor is rivers and large lakes suitable for capturing fish.  During the winter 
waterfowl hunting season, it also can be found on prairies where it preys upon injured waterfowl.  The 
Bald Eagle nests in tall trees near water and is known to have nested in the Lake Houston area.  The 
Bald Eagle is protected under the Migratory Bird Species Act (MBSA) and the Bald and Golden Eagle 
Protection Act (Eagle Act).  The Eagle Act prohibits the take, transport, sale, barter, trade, import and 
export, and possession of eagles, making it illegal for anyone to collect eagles and eagle parts, nests, or 
eggs without a permit.  As of November 10, 2009, the USFWS finalized the permit regulations to 
authorize limited take of Bald Eagles and Golden Eagles (Aquila chrysaetos) under the Eagle Act.  These 
regulations also establish permit provisions for the intentional take of eagle nests under particular, limited 

http://mountain-prairie.fws.gov/law/eagle/
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circumstances.  Bald Eagles have the potential to be present in forested or wooded areas along the ROW 
of Alternatives 4 and 6 near surface water bodies such as Lake Houston, Luce Bayou, and Cedar Bayou.  

The Black Rail is a rare species in Harris County.  The habitat for the Black Rail consists of salt, brackish, 
and freshwater marshes, pond borders, wet meadows, and grassy swamps.  Habitat for this species is 
not present based on field investigations conducted in the vicinity of the Alternative 3A ROW in 2009, 
2010 and 2011; this species and its habitat are unlikely to be present in the ROW of Alternatives 4 and 6.  

The Brown Pelican is a state-listed endangered species in Harris County.  Habitat for this marine species 
is largely coastal and near shore areas.  It roosts and nests on coastal islands and spoil banks.  While, a 
few individuals may frequent the Lake Houston area at times, the Brown Pelican is unlikely to be affected 
by the Alternative 3A, 4 or 6 ROW.  No Brown Pelicans were observed during the surveys conducted 
within the area of the Alternative 3A ROW; this species is unlikely to be present in the ROW of 
Alternatives 4 and 6.  

Henslow’s Sparrow is a rare species in Harris and Liberty Counties.  Based on the field surveys 
conducted in 2009, suitable habitat  consisting of weedy fields or cut-over areas where an abundance of 
bunch grasses occur along the vines and brambles with ground cover for running or walking could 
potentially occur along or within the Alternatives 3A, 4 or 6 ROW.   

The Mountain Plover is a rare species in Harris County.  They are found in short grass plains and bare 
dirt fields.  Habitat for this species is not present based on field investigations conducted in the vicinity of 
the Alternative 3A ROW in 2009, 2010 and 2011; his species and its habitat are unlikely to be present in 
the ROW of Alternatives 4 and 6.  

The Piping Plover is a state-listed and federally-listed threatened species in Liberty County.  This species 
winters along the Texas coast where its habitat is the Gulf beaches and bayside mud flats.  They are 
unknown farther inland from Trinity Bay.  The piping plover may appear on riverine sand bars during 
migration.  It typically is found in Texas from September to May.  Based on the field surveys, no Piping 
Plovers were observed within the area of the Alternative 3A ROW; this species is unlikely to be present in 
the ROW of Alternatives 4 and 6.  

The Red-Cockaded Woodpecker (RCW) is a state and Federally-listed endangered species in Liberty and 
Harris Counties.  Habitat for this species is pine or mixed pine-hardwood forests where it roosts and nests 
in cavities constructed in older pine trees and forages almost exclusively in pine trees thirty years of age 
and older.  It formerly lived in Harris, and possibly Liberty, County.  Much of its former habitat is no longer 
suitable due to extensive growth of understory and mid-story vegetation in the absence of forest fires for 
many decades.  All areas of pine forest encountered along or within the Alternative ROW during the 
surveys were closely examined for evidence of RCW occupancy.  No nest trees, roost trees, or evidence 
of foraging were detected during surveys conducted within the area of the Alternative 3A ROW; no 
suitable nesting or foraging habitats were observed.  This species and its habitat are unlikely to be 
present in the ROW of Alternatives 4 and 6.  

The Snowy Plover is a rare species in Harris County.  This species is a potential migrant that winters 
along the coast.  Habitat for this species is not present based on field investigations conducted in the 
vicinity of the Alternative 3A ROW in 2009, 2010 and 2011.  This species and its habitat are unlikely to be 
present in the ROW of Alternatives 4 and 6.  

The Southeastern Snowy Plover is a rare species in Harris County.  This species is a wintering migrant 
along the Texas Gulf Coast beaches and bayside mud or salt flats.  Habitat for this species is not present 
based on field investigations conducted in the vicinity of the Alternative 3A ROW in 2009, 2010 and 2011.  
This species and its habitat are unlikely to be present in the ROW of Alternatives 4 and 6.  

Sprague’s Pipit is a federal candidate for listing in Harris and Liberty Counties.  This species is strongly 
tied to native upland prairie, can be locally common in coastal grasslands, uncommon to rare further 
west, sensitive to patch size and avoids edges.  Habitat for this species is not present based on field 
investigations conducted in the vicinity of the Alternative 3A ROW in 2009, 2010 and 2011.  This species 
and its habitat are unlikely to be present in the ROW of Alternatives 4 and 6.  
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The Swallow-Tailed Kite is a state-listed threatened species in Liberty County.  This species inhabits 
lowland forested areas, swampy areas, and open woodlands along rivers, lakes and ponds.  The birds 
are well known from the Dayton and Liberty areas.  They feed primarily on insects and small vertebrates.  
No Swallow-Tailed Kites were observed during the surveys conducted of the Alternative 3A ROW.  This 
species and its habitat have the potential to be present in the ROW of Alternatives 4 and 6.  

The White-Faced Ibis is a state-listed threatened species in both Liberty and Harris Counties.  The 
primary habitat for this species is freshwater marshes, sloughs, and irrigated rice fields, with some 
extension into brackish and saltwater wetlands.  The species may be found year-round but is most 
abundant from April to early October.  Potential habitat could be flooded rice fields anywhere along the 
route but these are ephemeral habitats.  No White-Faced Ibis was observed during the biological field 
surveys conducted of the Alternative 3A ROW.  This species is unlikely to be present in the ROW of 
Alternatives 4 and 6.  

The White-tailed Hawk is state-listed as a threatened species in Harris County  They are found near 
coastlines on prairies, cordgrass flats, and scrub-live oak, and farther inland on prairies, mesquite, and 
oak savannas, and mixed savanna-chaparral.  No White-tailed Hawks were observed during the 
biological field surveys conducted of the Alternative 3A ROW.  This species is unlikely to be present in the 
ROW of Alternatives 4 and 6.  

The Whooping Crane is a state-listed and federally-listed endangered species in Harris County.  Habitat 
for this species is coastal marshes and prairies.  The primary winter range of this species is restricted to 
Aransas, Calhoun and Refugio Counties.  An occasional straggler, usually a juvenile, can be found 
associated with Sandhill Cranes along the coast in Galveston County, and potentially the western prairies 
of Harris County.  No Whooping Cranes were observed during the surveys conducted of the Alternative 
3A ROW.  This species is unlikely to be present in the ROW of Alternatives 4 and 6.  

The Wood Stork is a state-listed threatened species in both Liberty and Harris Counties.  These birds 
forage in shallow standing water, including prairie ponds, flooded pastures and fields, and ditches.  This 
species no longer breeds in Texas.  In the proposed Alternative 3A ROW, this bird’s species is typically 
present from late June until late October and represent post-breeding dispersal from breeding colonies in 
Mexico.  No Wood Storks were observed during the surveys conducted of the Alternative 3A ROW.  This 
species is unlikely to be present in the ROW of Alternatives 4 and 6.  

With the exception of the Bald Eagle and the Swallow-Tailed Kite, there is no suitable habitat identified for 
any of these rare, threatened, or endangered bird species within the LBITP area for Alternative 3A and is 
unlikely in the ROW of Alternatives 4 and 6.  Implementation of Alternative 3A, 4 or 6 would not be 
expected to directly and permanently impact terrestrial bird species given that monitoring for the presence 
of these species will occur prior to planned construction.   

3.8.10 Fish 

3.8.10.1 Alternative 3A, Alternative 4 and Alternative 6 
The American Eel is a rare species in Harris and Liberty Counties.  This species inhabits muddy bottoms, 
still waters, large streams, lakes, and brackish estuaries with access to ocean.  Habitat for this species is 
not present based on field investigations conducted in the vicinity of the Alternative 3A ROW in 2009, 
2010 and 2011 (see Appendix D).  This species and its habitat are unlikely to be present in the ROW of 
Alternatives 4 and 6.  

The Creek Chubsucker is a state listed threatened species in Harris and Liberty Counties.  The habitat for 
the Creek Chubsucker includes a variety of small rivers and creeks.  This species prefers headwaters.  
Habitat for this species is not present based on field investigations conducted in the vicinity of the 
Alternative 3A ROW in 2009, 2010 and 2011.  This species and its habitat are unlikely to be present in 
the ROW of Alternatives 4 and 6.  
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The Paddlefish is state-listed as a threatened species in Liberty County.  It prefers large, free-flowing 
rivers, but will frequent impoundments with access to spawning sites (TPWD 2010).  This species spawns 
in fast, shallow water over gravel bars and larvae may drift from reservoir to reservoir until optimal 
conditions are met.  Paddlefish may inhabit portions of the Trinity River and generally is present in the 
upstream portions of the Trinity River watershed, upstream of Lake Livingston.  This species and its 
habitat have the potential to be present in the ROW of Alternatives 4 and 6.  

The Smalltooth Sawfish is a state listed and federally listed endangered species in Harris County.  The 
habitat for the Smalltooth Sawfish consists of sheltered bays, estuaries, and river mouths.  Habitat for this 
species is not present based on field investigations conducted in the vicinity of the Alternative 3A ROW in 
2009, 2010 and 2011.  This species and its habitat are unlikely to be present in the ROW of Alternatives 4 
and 6.  

3.8.11 Insects 

3.8.11.1.1 Alternative 3A, Alternative 4 and Alternative 6 
The Gulf Coast Clubtail is a rare species in Liberty County.  This species’ habitat consists of 
medium-sized rivers with moderate gradient and streams with silty sands or rocky bottoms.  The adults 
forage in trees and males perch near riffles to wait for females.  The flight season is late April through late 
June.   

Habitat for this species is present based on field investigations conducted in the vicinity of the Alternative 
3A ROW in 2009, 2010 and 2011.  This species and its habitat have the potential to be present in the 
ROW of Alternatives 4 and 6.  

3.8.12 Mollusks 

3.8.12.1 Alternative 3A, Alternative 4 and Alternative 6 
The Creeper (Squawfoot) is a rare species in Liberty County.  The Creeper inhabits small to large 
streams with gravel or gravel and mud substrates.  Habitat for this species is not present in the vicinity of 
the Alternative 3A ROW based on field investigations conducted in 2009, 2010 and 2012 (AECOM 2012).  
This species and its habitat are unlikely to be present in the ROW of Alternatives 4 and 6.  

The Fawnsfoot is a rare species in Liberty County.  The habitat for the Fawnsfoot consists of small and 
large rivers with a variety of substrates and flow conditions.  Habitat for this species is present based on 
field investigations conducted in the vicinity of the Alternative 3A ROW in 2009, 2010 and 2011.  This 
species and its habitat have the potential to be present in the ROW of Alternatives 4 and 6.  

The Little Spectaclecase is a rare species in Harris and Liberty Counties.  This species inhabits creeks, 
rivers, reservoirs, sandy substrates in slight to moderate current, usually along banks.  Habitat for this 
species is present based on field investigations conducted in the vicinity of the Alternative 3A ROW in 
2009, 2010 and 2011.  This species and its habitat have the potential to be present in the ROW of 
Alternatives 4 and 6.  

The Louisiana Pigtoe is state-listed as threatened in both Harris and Liberty Counties.  It prefers streams 
and moderate-sized rivers usually with steadily flowing water over substrates of mud, sand, and gravel 
and has been historically found in the Sabine, Neches, and Trinity River basins.  Habitat for this species 
is present based on field investigations conducted in the vicinity of the Alternative 3A ROW in 2009, 2010 
and 2011.  Habitat for this species may be present in the vicinity of the Alternatives 4 and 6 ROW. 

The Sandbank Pocketbook is state-listed as threatened in both Harris and Liberty Counties.  It prefers 
small to large rivers with moderate flows and swift current over gravel, sandy, or a combination of gravel 
and sand bottoms.  It has been historically found through San Jacinto River and Neches River basins.  
Habitat for this species is present based on field investigations conducted in the vicinity of the Alternative 
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3A ROW in 2009, 2010 and 2011.  This species and its habitat have the potential to be present in the 
ROW of Alternatives 4 and 6.  

The Texas Heelsplitter is state-listed as threatened in Liberty County.  It prefers quiet waters in mud or 
sand.  It has been historically found in lakes and reservoirs in the Sabine, Neches, and Trinity River 
basins.  Habitat for this species is present based on field investigations conducted in the vicinity of the 
Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for this species may be present in the vicinity of the 
Alternatives 4 and 6 ROW. 

The Texas Pigtoe is state-listed as threatened in both Harris and Liberty Counties.  It prefers rivers with 
mixed mud, sand, and fine gravel in protected areas such as fallen trees or other underwater structures.  
It has been historically found in east Texas River basins, in the Sabine, Trinity, and San Jacinto Rivers.  
Habitat for this species is present based on field investigations conducted in the vicinity of the Alternative 
3A ROW in 2009, 2010 and 2011.  Habitat for this species may be present in the vicinity of the 
Alternatives 4 and 6 ROW. 

The Wabash Pigtoe is a rare species in Harris and Liberty Counties.  This species’ habitat consists of 
creeks to large rivers on mud, sand and gravel, not in deep shifting sands.  Habitat for this species is 
present based on field investigations conducted in the vicinity of the Alternative 3A ROW in 2009, 2010 
and 2011.  Habitat for this species may be present in the vicinity of the Alternatives 4 and 6 ROW. 

A field survey to determine the presence of freshwater mollusks was conducted at the Lake Houston 
discharge and Trinity River intake (AECOM 2012, see Appendix E).  Evidence of two mussel species 
was found in these areas.  The mussel species collected and identified during the survey were giant 
floaters (Pyganodon grandis) and southern mapleleaf (Quadrula apiculata).  Based on the survey 
conducted and the data collected, no candidate or listed freshwater mussels are present in the area of 
discharge or intake associated with the implementation of Alternative 3A.  According to additional studies 
conducted by experts, mussels that inhabit the lower Trinity River and Lake Houston in the vicinity of the 
Alternative 3A ROW are not unionid species currently being considered for state or federal listing 
(AECOM 2012, McMahon 2012, Howells 2009 Appendix E).  

3.8.13 Mammals 

3.8.13.1 Alternative 3A, Alternative 4 and Alternative 6 
The Black Bear and the Louisiana Black Bear are state and Federal listed as threatened species.  It 
should be noted that due to field characteristics, the TPWD mandates that all black bears of east Texas 
be treated as Federal and state-listed species regardless of their genetic identity as the Louisiana 
subspecies.  They are listed as possible transients in Liberty County, and are known to inhabit bottomland 
hardwoods and large tracts of inaccessible forested areas.  However, according to TPWD’s East Texas 
Black Bear Conservation and Management Plan 2005-2015, black bears were eliminated from East 
Texas by 1940, and there are no known recent occurrences in Liberty County since restoration efforts 
have begun in Louisiana.  Sub-optimal habitat for this species is present within the bottomland hardwood 
habitat along and within the floodplain of the Trinity River; the species is unlikely to be present in the 
ROW of the action alternatives.  

The Plains Spotted Skunk is a rare species in Harris and Liberty Counties.  Habitat is general, in woods, 
fields, prairies, and shrubs.  Habitat for this species is present based on field investigations conducted in 
the vicinity of the Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for this species is likely to be 
present in the vicinity of the Alternatives 4 and 6 ROW. 

The Rafinesque’s Big-eared Bat is state-listed as threatened in both Harris and Liberty Counties.  It roots 
in tree cavities in bottomland hardwoods, concrete culverts and abandoned man-made structures 
(Mammals of Texas Online 2010).  Habitat for this species is present within the hardwood forests in the 
vicinity of the Alternative 3A and within the various concrete culverts located within or adjacent to the 
Alternative 3A ROW.  Habitat for this species is likely to be present in the vicinity of the Alternatives 4 and 
6 ROW. 
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The Red Wolf is a state and federally listed endangered species in Harris and Liberty Counties.  The 
species has been extirpated and formerly known throughout the eastern half of Texas in brushy and 
forested areas as well as coastal prairies.  No evidence of the presence of Red Wolf species was 
identified during the field investigations conducted of the Alternative 3A ROW in 2009 and 2011.  This 
species is unlikely to be present in the vicinity of the Alternatives 4 and 6 ROW. 

The Southeastern Myotis Bat is a rare species in Harris and Liberty Counties.  The species’ habitat 
consists of cavity trees of bottomland hardwoods, concrete culverts, and abandoned man-made 
structures.  Habitat for this species is present based on field investigations conducted in the vicinity of the 
Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for this species is likely to be present in the vicinity 
of the Alternatives 4 and 6 ROW. 

3.8.14 Reptiles 

3.8.14.1 Alternative 3A, Alternative 4 and Alternative 6 
The Alligator Snapping Turtle is state-listed as threatened in both Harris and Liberty Counties.  It prefers 
perennial waters within the deep water of rivers, canals, lakes, and oxbows (Life Series 2010).  This 
species has also been known to occur in swamps, bayous, and ponds near deep running water.  Habitat 
for this species is present within the vicinity of the Alternative 3A ROW along the Trinity River and at the 
Lake Houston and Luce Bayou confluence.  Habitat for this species may be present in the vicinity of the 
Alternatives 4 and 6 ROW. 

The Green Sea Turtle is a state and federally-listed threatened species in Harris County.  This species 
inhabits the gulf and bay system, shallow water seagrass beds, open water between feeding and nesting 
areas, and barrier island beaches.  Habitat for this species is not present based on field investigations 
conducted in the vicinity of the Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for this species may 
be present in the vicinity of the Alternatives 4 and 6 ROW. 

The Gulf Saltmarsh Snake is a rare species in Harris County.  This species prefers saline flats, coastal 
bays, and brackish river mouths.  Habitat for this species is not present based on field investigations 
conducted in the vicinity of the Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for this species is 
unlikely to be present in the vicinity of the Alternatives 4 and 6 ROW. 

Kemp’s Ridley Sea Turtle is a state and federally-listed endangered species in Harris County.  This 
species inhabits the gulf and bay system and adults stay within the shallow waters of the Gulf of Mexico.  
Habitat for this species is not present based on field investigations conducted in the vicinity of the 
Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for this species is unlikely to be present in the 
vicinity of the Alternatives 4 and 6 ROW. 

The Leatherback Sea Turtle is a state and federally-listed endangered species in Harris County.  This 
species prefers the gulf and bay system and is the widest ranging open water reptile.  Habitat for this 
species is not present based on field investigations conducted in the vicinity of the Alternative 3A ROW in 
2009, 2010 and 2011.  Habitat for this species is unlikely to be present in the vicinity of the Alternatives 4 
and 6 ROW. 

The Loggerhead Sea Turtle is a state and federally-listed threatened species in Harris County.  This 
species inhabits the gulf and bay system, primarily for juveniles and adults are the most pelagic of sea 
turtles.  Habitat for this species is not present based on field investigations conducted in the vicinity of the 
Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for this species is unlikely to be present in the 
vicinity of the Alternatives 4 and 6 ROW. 

The Louisiana Pine Snake, a state-threatened species in Liberty County and a federal candidate for 
listing, prefers sandy, well drained soils in open pine forests.  This snake spends most of its time 
underground and preys heavily on pocket gophers also utilizing their burrow systems (Tennant 1998).  
Habitat for this species may be present based on field investigations conducted in the vicinity of the 
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Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for this species is likely to be present in the vicinity 
of the Alternatives 4 and 6 ROW. 

The Northern Scarlet Snake is state-listed as threatened in Liberty County.  It prefers mixed hardwood 
scrub/shrub vegetative communities growing in sandy soils.  This species feeds on eggs of other reptile 
species.  The Northern scarlet snake is semi-fossorial and prefers to remain hidden underground, coming 
out to feed (Tennant 1998).  This snake is active from April through mid-September.  Habitat for this 
species is present based on field investigations conducted in the vicinity of the Alternative 3A ROW in 
2009, 2010 and 2011.  Habitat for this species is likely to be present in the vicinity of the Alternatives 4 
and 6 ROW. 

The Smooth Green Snake is a state-listed threatened species in Harris County.  The Smooth Green 
Snake lives in the Gulf Coast Plain and prefers mesic coastal shortgrass prairie vegetation and dense 
vegetation.  Habitat for this species is not present based on field investigations conducted in the vicinity of 
the Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for this species is unlikely to be present in the 
vicinity of the Alternatives 4 and 6 ROW. 

The Texas Horned Lizard is a state listed threatened species in Harris and Liberty Counties.  This species 
prefers open, arid and semi-arid regions with sparse vegetation, including grass, cactus, scattered brush 
or scrubby trees.  The soil for the habitat may vary in texture from sandy to rocky.  The Texas Horned 
Lizard burrows into soil, enters rodent burrows, or hides under rock when inactive.  Habitat for this 
species is not present based on field investigations conducted in the vicinity of the Alternative 3A ROW in 
2009, 2010 and 2011.  Habitat for this species is unlikely to be present in the vicinity of the Alternatives 4 
and 6 ROW. 

The Timber/Canebrake Rattlesnake is a state-listed threatened species in Harris and Liberty Counties 
that lives in swamps and floodplains with hardwood/upland pine trees (Tennant 1998).  Habitat for this 
species is present, but the Natural Diversity Database records no observed occurrences in the Alternative 
3A area.  Habitat for this species is present based on field investigations conducted in the vicinity of the 
Alternative 3A ROW in 2009, 2010 and 2011.  Suitable habitat includes flat forested areas with poor 
drainage.  Habitat for this species is likely to be present in the vicinity of the Alternatives 4 and 6 ROW. 

3.8.15 Plants 

3.8.15.1 Alternative 3A, Alternative 4 and Alternative 6 
The Coastal Gay-feather is a rare species in Harris County.  This species is endemic to Texas.  Its habitat 
is coastal prairie grasslands of various types from salty prairie on low-lying saline clay loams to upland 
prairie on nonsaline clayey to sandy loams.  Habitat for this species is not present based on field 
investigations conducted in the vicinity of the Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for 
this species is unlikely to be present in the vicinity of the Alternatives 4 and 6 ROW. 

The Giant Sharpstem Umbrella-sedge is a rare species in Harris County.  It is found in Texas on 
saturated, fine sandy loam soils, along nearly level fringes of deep prairie depressions; also in 
depressional areas within coastal prairie remnants on heavy black clay; soils include very strongly acid to 
moderately alkaline silt loams and silty clay loams.  Habitat for this species is not present based on field 
investigations conducted in the vicinity of the Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for 
this species is unlikely to be present in the vicinity of the Alternatives 4 and 6 ROW. 

The Houston Daisy is a rare species in Harris County.  It is endemic to Texas and is found on and around 
naturally barren or sparsely vegetated saline slick spots, or pimple mounds on coastal prairies, usually on 
sandy to sandy loam soils.  Sometimes it is found in pastures and on roadsides, in similar soil types, 
where mowing may mimic natural prairie disturbance regimes.  Habitat for this species is not present 
based on field investigations conducted in the vicinity of the Alternative 3A ROW in 2009, 2010 and 2011.  
Habitat for this species is unlikely to be present in the vicinity of the Alternatives 4 and 6 ROW. 
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The Texas Meadow-rue is a rare species in Harris County.  It is endemic to Texas and is found in 
woodlands and woodland margins on soils with a surface layer of sandy loam, but also on prairie pimple 
mounds.  It is found both on uplands and creek terraces, but perhaps most common on claypan 
savannas.  Habitat for this species is present based on field investigations conducted in the vicinity of the 
Alternative 3A ROW in 2009, 2010 and 2011.  Habitat for this species is likely to be present in the vicinity 
of the Alternatives 4 and 6 ROW. 

The Texas Prairie Dawn is state and federally listed as endangered in Harris County.  Texas prairie dawn 
is an annual plant approximately 4 inches tall that grows and flowers from March through the early part of 
May.  This plant is found in sparsely vegetated, open grasslands with fine sandy compacted saline soil in 
poorly drained depressions around natural mima (pimple) mounds (USFWS 1989).  The plant can be 
found in rice fields, vacant lots, and pastures if the soil remains relatively intact.  This species is not 
present in the vicinity of the Alternative 3A ROW based on field investigations conducted in 2009.  This 
species is unlikely to be present in the vicinity of the Alternatives 4 and 6 ROW. 

The Texas Windmill-Grass is a rare species in Harris County.  This species is endemic to Texas and 
prefers sandy to sandy loam soils in relatively bare areas in coastal prairie grassland remnants.  It is also 
often found on roadsides where regular mowing may mimic the natural prairie fire regimes.  Habitat for 
this species is not present based on field investigations conducted in the vicinity of the Alternative 3A 
ROW in 2009, 2010 and 2011.  Habitat for this species is unlikely to be present in the vicinity of the 
Alternatives 4 and 6 ROW. 

The Threeflower Broomweed is a rare species in Harris County.  This species is endemic to Texas and is 
found near the coast in sparse, low vegetation on a veneer of light colored silt or fine sand over saline 
clay along drier upper margins of ecotone between salty prairies and tidal flats.  It is also found farther 
inland where it is associated with vegetated slick spots on prairie mima mounds.  Habitat for this species 
is not present based on field investigations conducted along the Alternative 3A ROW in 2009, 2010 and 
2011.  Habitat for this species is unlikely to be present in the vicinity of the Alternatives 4 and 6 ROW. 

3.9 Land Use and Recreation 

3.9.1 Land Use 
Land use for the Alternatives Analyses area was identified using the United States Geological Survey 
(USGS) National Land Cover Database (NLCD 2006).  The NLCD program was developed through a 
partnership beween the USGS, EPA, U.S. Forest Service (USFS) and the National Oceanic and 
Atmospheric Administration (NOAA).  The NLCD 2006 includes a 16-class land cover classification 
system that has been consistently applied across the United States and developed at a spatial resolution 
of 100 feet.  NLCD 2006 is based primarily on the classification of Landsat Enhanced Thematic Mapper+ 
(ETM+) circa 2006 satellite data.  These data were used along with GIS to determine the vegetation/land 
cover types directly affected by the construction of Alternatives 3A, 4 and 6, including the total number of 
acres impacted.  Tables 3-22 shown below, Table 3-23 (Appendix R) and Table 3-24 (Appendix R) 
provide a summary of property, property size by the parcel, identification number, and land use for each 
alternative alignment. 

3.9.1.1 Alternative 3A 
Alternative 3A is located in Liberty County and part of northeastern Harris County, Texas.  Land use in 
the vicinity of Alternative 3A primarily consists of undeveloped agricultural, rural residential, and forest 
lands (Figure 3.9-1a through Figure 3.9-1c).  Figure 3.9-2a through Figure 3.9-2c provides the location 
of the parcels, the location of the proposed alignment of the Alternative 3A ROW.  Property parcel 
number, size, land use, and vegetation type by parcel are summarized by Table 3-22 for Alternative 3A 
based on detailed studies conducted. 

The proposed CRPS would be installed along the western shoreline of the Trinity River; a parcel of the 
Trinity River National Wildlife Refuge (TRNWR) is located on the eastern Trinity River shoreline opposite 

http://landsat.usgs.gov/
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the CRPS.  Land use in Liberty County, the City of Dayton, and in the vicinity of Alternative 3A consists of 
farming and ranching, forested areas with hunting leases (recreational), relatively large-scale agricultural 
production (Stoesser Farms Inc., Reidland Properties Inc., Riceland Farms Inc.), timber production, and 
mineral interests, including oil and gas development.  Liberty County has historically been a ranching and 
agricultural area with timber production.  As such, there is currently limited residential and commercial 
development in the area.  Northeastern Harris County in the vicinity of Alternative 3A exhibits a similar 
type of land use and development although the area around Lake Houston is residential in nature. 

Oil and gas production occurs in the Dayton North Field south of the Alternative 3A ROW.  Irrigation and 
drainage structures, including canals and water pumps, are present in a complex pattern.  Farm-to-Market 
(FM) roads trend generally north-south and provide access through the Alternative 3A ROW.  The 
western portion of Alternative 3A is located within Harris County.  Alternative 3A includes a water 
conveyance canal within a 300-foot right-of-way (ROW) that discharges raw water into the backwaters of 
Lake Houston and traverses through the Huffman area with rural residential, community facilities (parks, a 
school complex, and flood control structures), ranching and farming areas, and relatively small-scale, 
lake-area residential development. 

Table 3-22:  
Property Size by Parcel Number, Habitat Types and Land Use 

Alternative 
3A ROW 

Parcel No. 
Land Use* 

Parcel 
Area* 

(acres) 

Alternative 3A 
ROW 

(acres) 

1 Woody Wetlands, Emergent Herbaceous Wetlands, Developed, Open 
Space 

90.50 48.26 

3 Woody Wetlands 841.72 0.0024 

3.25 Shrub-Scrub, Developed, Open Space 2.99 0.00 

3.5 Woody Wetlands, Shrub, Scrub, Mixed Forest, Developed, Open 
Space 

72.51 2.84 

4 Woody Wetlands, Shrub, Scrub, Mixed Forest, Grassland, 
Herbaceous, Evergreen Forest, Developed, Open Space 

1,175.38 83.02 

4.5 Woody Wetlands, Shrub, Scrub, Mixed Forest, Grassland, 
Herbaceous,  Evergreen Forest, Developed, Open Space 

1,047.99 70.38 

5 Woody Wetlands, Pasture, Hay, Open Water, Mixed Forest, Emergent 
Herbaceous Wetlands 

520.47 0.00 

6 Woody Wetlands 638.56 35.02 

7 Woody Wetlands, Mixed Forest, Evergreen Forest, Emergent 
Herbaceous Wetlands, Developed, Open Space 

2,045.55 61.75 

8 Woody Wetlands, Developed, Open Space 1,041.75 17.21 

9 Woody Wetlands 76.81 6.20 

10 Woody Wetlands, Shrub, Scrub, Mixed Forest, Grassland, 
Herbaceous 

730.48 30.08 

11 Woody Wetlands 19.22 0.18 

12 Woody Wetlands, Shrub, Scrub, Mixed Forest, Grassland, 
Herbaceous, Developed, Open Space 

296.60 24.93 

13 Woody Wetlands, Shrub, Scrub 918.20 2.70 

14 Woody Wetlands 53.53 16.18 

15 Woody Wetlands 3.83 0.95 

16 Woody Wetlands, Developed, Open Space, Developed, Low Intensity 7.59 3.49 

17 Woody Wetlands, Pasture, Hay, Grassland, Herbaceous, Developed, 
Low Intensity 

14.84 4.96 
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Alternative 
3A ROW 

Parcel No. 
Land Use* 

Parcel 
Area* 

(acres) 

Alternative 3A 
ROW 

(acres) 

17.5 Woody Wetlands, Developed, Low Intensity 4.62 0.00 

18 Pasture, Hay, Grassland, Herbaceous, Developed, Low Intensity 5.00 0.00 

19 Woody Wetlands, Pasture, Hay, Mixed Forest, Grassland, 
Herbaceous 

128.02 10.07 

20 Woody Wetlands, Pasture, Hay, Grassland, Herbaceous 52.89 3.39 

21 Woody Wetlands, Shrub, Scrub, Pasture, Hay, Grassland, 
Herbaceous 

71.51 16.79 

22 Woody Wetlands, Shrub, Scrub, Pasture, Hay, Grassland, 
Herbaceous, Evergreen Forest, Deciduous Forest 

32.68 12.76 

23 Woody Wetlands, Evergreen Forest 1,089.24 0.0001 

23.2 Woody Wetlands, Shrub, Scrub, Evergreen Forest, Emergent 
Herbaceous Wetlands, Deciduous Forest 

879.06 83.61 

23.4 Shrub, Scrub, Pasture, Hay, Developed, Open Space 527.80 9.28 

23.6 Pasture, Hay, Grassland, Herbaceous 2.00 0.00 

24 
Woody Wetlands, Shrub, Scrub, Mixed Forest, Grassland, 
Herbaceous, Evergreen Forest, Emergent Herbaceous Wetlands, 
Developed, Open Space, Developed, Low Intensity 

707.97 0.00 

25 Woody Wetlands, Shrub, Scrub, Pasture, Hay, Mixed Forest, 
Emergent Herbaceous Wetlands, Developed, Open Space 

627.44 0.00 

25.2 Shrub, Scrub, Pasture, Hay, Developed, Open Space 30.61 14.78 

25.4 Woody Wetlands, Pasture, Hay, Developed, Open Space 12.05 0.69 

25.6 
Woody Wetlands, Shrub, Scrub, Pasture, Hay, Grassland, 
Herbaceous, Emergent Herbaceous Wetlands, Developed, Open 
Space 

627.86 35.88 

26 
Woody Wetlands, Shrub, Scrub, Pasture, Hay, Open Water, Mixed 
Forest, Grassland, Herbaceous, Evergreen Forest, Emergent 
Herbaceous Wetlands, Deciduous Forest 

994.26 0.00 

27 Woody Wetlands, Pasture, Hay 49.94 5.64 

28 Woody Wetlands, Open Water, Emergent Herbaceous Wetland 31.69 3.65 

29 Woody Wetlands, Open Water, Emergent Herbaceous Wetlands 31.72 3.53 

30 Woody Wetlands, Emergent Herbaceous Wetlands 26.50 2.96 

31 Woody Wetlands, Emergent Herbaceous Wetlands 20.03 2.26 

32 Woody Wetlands, Pasture, Hay, Emergent Herbaceous Wetlands, 
Developed, Open Space 

28.21 1.68 

33 
Woody Wetlands, Pasture, Hay, Mixed Forest, Grassland, 
Herbaceous, Evergreen Forest, Developed, Open Space, Deciduous 
Forest, Cultivated Crops 

449.75 34.52 

34 Woody Wetlands, Open Water, Evergreen Forest, Developed, Open 
Space 

9.98 0.00 

35 
Woody Wetlands, Shrub, Scrub, Pasture, Hay, Mixed Forest, 
Grassland, Herbaceous, Evergreen Forest, Developed, Open Space, 
Deciduous Forest 

118.51 0.00 

36 Woody Wetlands, Shrub, Scrub, Pasture, Hay, Mixed Forest, 
Grassland, Herbaceous, Evergreen Forest, Deciduous Forest 

86.40 0.00 

37 Woody Wetlands, Shrub, Scrub, Mixed Forest, Grassland, 
Herbaceous, Evergreen Forest, Deciduous Forest, Cultivated Crops 

511.96 0.00 
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Alternative 
3A ROW 

Parcel No. 
Land Use* 

Parcel 
Area* 

(acres) 

Alternative 3A 
ROW 

(acres) 

37.5 Shrub, Scrub, Pasture, Hay, Grassland, Herbaceous, Deciduous 
Forest, Cultivated Crops 

355.94 54.82 

38 Woody Wetlands, Shrub, Scrub, Pasture, Hay, Mixed Forest, 
Grassland, Herbaceous, Evergreen Forest, Deciduous Forest 

665.14 0.00 

39 Woody Wetlands, Shrub, Scrub, Grassland, Herbaceous, Cultivated 
Crops 

182.02 0.00 

39.2 Shrub, Scrub, Pasture, Hay 18.37 10.62 
39.4 Shrub, Scrub, Pasture, Hay, Grassland, Herbaceous 34.68 1.74 
39.6 Woody Wetlands, Shrub, Scrub, Pasture, Hay, Cultivated Crops 207.96 25.61 
39.8 Woody Wetlands, Shrub, Scrub, Cultivated Crops 100.63 27.65 

40 
Woody Wetlands, Shrub, Scrub, Mixed Forest, Grassland, 
Herbaceous, Evergreen Forest, Emergent Herbaceous Wetlands, 
Deciduous Forest, Cultivated Crops 

535.55 0.00 

40.5 Woody Wetlands, Mixed Forest, Cultivated Crops 249.73 32.37 
41 Woody Wetlands, Mixed Forest, Evergreen Forest, Cultivated Crops 46.75 11.72 
42 Woody Wetlands, Pasture, Hay, Mixed Forest 200.36 30.96 

43.1 Woody Wetlands, Shrub, Scrub, Pasture, Hay, Mixed Forest, 
Developed, Open Space, Deciduous Forest 

198.87 19.73 

43.2 Pasture, Hay, Developed, Open Space 22.47 2.37 

43.3 Woody Wetlands, Shrub, Scrub, Pasture, Hay, Mixed Forest, 
Developed, Open Space, Deciduous Forest 

253.07 26.63 

43.4 Woody Wetlands, Pasture, Hay, Deciduous Forest 0.92 0.58 
43.5 Pasture, Hay 0.93 0.65 
44 Woody Wetlands, Pasture, Hay, Cultivated Crops 962.10 17.56 

44.5 Pasture, Hay 2.74 0.48 
45 Pasture, Hay 18.02 5.37 
46 Pasture, Hay 11.99 3.22 

46.5 Pasture, Hay 8.72 1.52 
47 Shrub, Scrub, Pasture, Hay 8.88 0.00 

47.5 Pasture, Hay 49.79 0.00 
48 Pasture, Hay 11.85 11.85 
49 Pasture, Hay 11.83 3.91 

50 Woody Wetlands, Shrub, Scrub, Pasture, Hay, Grassland, 
Herbaceous, Developed, Open Space, Deciduous Forest 

390.31 61.98 

51 Woody Wetlands, Pasture, Hay, Evergreen Forest, Developed, Open 
Space, Developed, Low Intensity 

32.58 9.90 

52 
Woody Wetlands, Shrub, Scrub, Pasture, Hay, Mixed Forest, 
Evergreen Forest, Developed, Open Space, Developed, Low 
Intensity, Deciduous Forest 

79.63 22.87 

53 Open Water, Mixed Forest, Evergreen Forest, Emergent Herbaceous 
Wetlands, Deciduous Forest 

32.53 7.87 

54 Evergreen Forest, Emergent Herbaceous Wetlands, Developed, Low 
Intensity 

1.28 0.17 

55 Woody Wetlands, Pasture, Hay, Evergreen Forest, Developed, Open 
Space, Developed, Low Intensity, Cultivated Crops 

148.30 0.00 

Source* National Land Cover Database (2006) updated using PJD Reports issued by AECOM from 2008 through 2012 



3-100 

Environmental Impact Statement 
Luce Bayou Interbasin Transfer Project October 2012 

3.9.1.2 Alternative 4 
Alternative 4 is located in Liberty County and part of northeastern Harris County, Texas.  Land use in the 
vicinity of Alternative 4 consists of undeveloped, agricultural, residential, and forest lands (Figure 3.9-3a 
through Figure 3.9-3d).  Figure 3.9-4a through Figure 3.9-4d provides the location of the parcels and the 
location of the proposed alignment of the Alternative 4 ROW.  Property parcel number, size, and land use 
type by parcel are summarized by Table 3-23 (see Appendix R) for Alternative 4 is based on HGAC GIS 
dataset analyses. 

As the proposed alternative extends across Liberty County over Capers Ridge, the proposed Alternative 4 
is the same as Alternative 3A.  Alternative 4 crosses FM 1008, SH 321, CR 615, the Union Pacific RR 
tracks, and FM 2100.  Much of the northern portion of Alternative 4 is undeveloped and/or farmland as it 
extends through the Cedar Bayou watershed.  At the western terminus near Lake Houston, the alignment 
crosses through a forested area prior to the discharge to Lake Houston.   

3.9.1.3 Alternative 6 
Alternative 6 is located in Liberty County and part of eastern Harris County, Texas.  Land use in the 
vicinity of Alternative 4 consists of undeveloped, agricultural, residential, and forest lands (Figure 3.9-5a 
through Figure 3.9-5d).  Figure 3.9-6a through Figure 3.9-6d provides the location of the parcels and the 
location of the proposed alignment of the Alternative 6 ROW.  Property parcel number, size, and land use 
type by parcel are summarized by Table 3-24 (Appendix R) for Alternative 6 is based on HGAC GIS 
dataset analyses. 

From the existing, upgraded Trinity River Pump Station (TRPS) owned by the Coastal Water Authority 
located along the western bank of the Trinity River, Alternative 6 would traverse Liberty County from a 
location east of FM 1409.  Further to the west, the proposed alignment would cross FM 1409, SH 146, 
West Prong Old River, Union Pacific RR tracks, Cedar Bayou, US 90, and FM 2100.  Alternative 6 
extends through the Cedar Bayou watershed and travels through undeveloped forested areas as well as 
residential and industrial properties.  

3.9.2 Recreation and Parkland 
Public parks, recreation areas, and wildlife management areas were identified from sources including 
Liberty County Appraisal District (LCAD), Harris County Appraisal District (HCAD), USGS topographic 
maps, the Texas General Land Office (TXGLO), and the U.S. Fish Wildlife Service (USFWS).  The 
USFWS has identified an acquisition corridor along the floodplain of the Trinity River for acquisition and 
inclusion in the National Wildlife Refuge (NWR) system part of the Lower Trinity River Floodplain Habitat 
Stewardship Program (LTRFHSP).  Figure 3.9.1-1 through Figure 3.9.1-3 show land currently owned by 
USFWS and land planned for future acquisition.   

3.9.2.1 Alternative 3A 
No managed areas including state parks, county parks, Indian reservations, privately managed lands, or 
others are identified in the vicinity of the Alternative 3A ROW.  May Community Center, Crosby-Huffman 
High School, Huffman cemetery, and a HCFCD flood control ditch are present within approximately 
one mile of the boundaries of the Alternative 3A ROW.  May Park is located at 2100 Wolf Road in 
Huffman, Texas and is a 70-acre facility with five softball fields, football field, gazebo, barbecue pit, picnic 
tables, and playgrounds (Figure 3.9.1-4). 

3.9.2.2 Alternative 4 
Andy Anderson Park is located in the vicinity of the proposed Alternative 4 alignment.  No managed areas 
including state parks, county parks, Indian reservations, privately managed lands, or others are identified 
in the vicinity of the Alternative 4 ROW (Figure 3.9.1-5). 
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3.9.2.3 Alternative 6 
Crosby Park is on the south side of the proposed Alternative 6 alignment near the discharge point to Lake 
Houston.  Crosby Park includes a Community Center, Crosby Library, and Sports Complex.  No other 
managed areas (state parks, county parks, Indian reservations, privately managed lands, or others) were 
identified within the vicinity of the Alternative 6 ROW (Figure 3.9.1-6).  

3.9.3 Agriculture 

3.9.3.1 Alternative 3A 
Farmland near Alternative 3A was identified using county property parcel maps and farm commodity 
reports for Liberty and Harris Counties, Texas.  The Alternative 3A ROW follows the property lines of 
these agricultural areas.  Constructed reservoirs supply water to an extensive network of canals, ditches, 
and valves/gates needed for irrigation.  Commodity crops grown include rice, corn, sorghum, soybean, 
and grass for livestock grazing.  Crops have been grown for decades in this area. 

3.9.3.2 Alternative 4 
Farmland near Alternative 4 was identified using county property parcel maps and farm commodity 
reports for Liberty and Harris Counties, Texas.  When possible, Alternative 4 ROW follows the property 
lines of these agricultural areas.  Historically constructed reservoirs supply water to an extensive network 
of canals, ditches, and valves/gates needed for irrigation for the agricultural lands.  The types of crops 
grown are similar throughout the study area and include rice, corn, sorghum, soybean, and grass for 
livestock grazing.   

3.9.3.3 Alternative 6 
Farmland near Alternative 6 was identified using county property parcel maps and farm commodity 
reports for Liberty and Harris Counties, Texas.  When possible, the Alternative 6 ROW follows the 
property lines of these agricultural areas.  Historically constructed reservoirs supply water to an extensive 
network of canals, ditches, and valves/gates needed for irrigation.  The types of crops grown near 
Alternative 6 include rice, corn, sorghum, soybean, and grass for livestock grazing.  There is a long 
history of this type of agriculture in this area. 

3.9.4 Housing and Residential Development 
Population and Survey Analysts, Inc. performed a study to identify the demographic and population data 
of the study area, titled 2009 Demographic Update, which indicates that uneven housing development is 
occurring in the study area (PASA 2009).  This pattern is anticipated to continue over the next ten years.  
Some areas will remain relatively unchanged, while other sectors will see greatly expanded housing.  This 
growth trend is particularly evident in areas surrounding the City of Dayton, south and southeast of 
Alternatives 3A and 4 and north of Alternative 6 in the Dayton ISD, and in areas northwest of Alternatives 
3A, 4 and 6 areas in Huffman ISD, where plans for new and developing residential subdivisions are 
occurring.  Alternative 6 is also located within the area served by Crosby ISD.  

Of the three school districts in the project area (Huffman, Dayton and Crosby), the Dayton ISD is the area 
experiencing the most growth based on trends analysis.  Huffman and Crosby are more rural in nature 
than Dayton, which is the population center of the study area.  As estimated by the American Community 
Survey (ACS) published by the U.S. Department of the Census ACS 2006-2010, Dayton ISD had a total 
of 9,200 housing units, 15 percent of which were vacant.  Of the total housing units present, 49 percent 
were single-unit structures, seven percent were multi-unit structures, and 43 percent were mobile homes.  
Fifty-two (52) percent of the housing units had been constructed since 1990.  Of the occupied housing 
units, 75 percent were owner occupied.  Four (4) percent of the households did not have telephone 
service and 4 percent of the households did not have access to a car, truck, or van for private use.  
Thirty-nine (39) percent had two vehicles and another 30 percent had three or more.  The median 
monthly housing costs for mortgaged owners was $1,105, non-mortgaged owners $391, and renters 
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$650.  Twenty-one percent of owners with mortgages, seven percent of owners without mortgages, and 
49 percent of renters spent 30 percent or more of household income on housing.  

Liberty County has a Thoroughfare Plan where an expanded FM 1960 will provide a major impetus for 
residential development.  In addition, U.S. Highway (US) 90 is seen as providing an industrial entry.  Park 
and Ride facilities are being implemented, one to be completed within two years on FM 1960, west of the 
City of Dayton.  While transportation improvements are planned for both highway and transit amenities in 
the project area these are based on funding projections and are subject to change.  See Chapter 3.10.6 
for more detail. 

3.9.4.1 Alternative 3A 
The 2009 Demographic Update provides Development Overview maps which illustrate ownership of large 
parcels in the Alternative 3A area, juxtaposed with existing and planned subdivisions and multi-family unit 
developments.  In Dayton ISD, the Meadowood and Dayton Oaks subdivisions, are located immediately 
north of a section of the Alternative 3A; and in Huffman ISD, while no existing or developing subdivision is 
abutting the Alternative 3A ROW; several are within one mile of the Alternative 3A alignment.  These 
nearby residential subdivisions include Lake Houston Forest, Water Wonderland, Pecan Orchard, 
Huffman Heights, Fairway Crossing at Lake Houston, Lockshire, and Magnolia Estates. 

3.9.4.2 Alternative 4 
The existing subdivisions found along Alternative 4 include:  Lakeside Manor, Shorewood, Forest Manor, 
Woodland Terrace, Carter Farms, and Crooked Creek.  The Census tracts that encompass Alternative 4 
for Harris County is 2517 and for Liberty County are: 7004, 7008, 7009, and 7010.  Within these Census 
tracts there is a total of 12,125 housing units and there is a 89 percent occupation rate.   

In addition to the subdivisions previously identified there are small tracts of property that appear to be 
eligible for residential development and large tracts of undeveloped and agricultural lands. 

3.9.4.3 Alternative 6 
Alternative 6 is rural with large undeveloped tracts of land, industrial use land, and residential 
subdivisions further to the west closer to FM 1960.  Three subdivision developments are identified as 
Aaronglenn, Aarondale, and Newport.  As Alternative 6 approaches Harris County and Lake Houston the 
land development intensity increases and there is are commercial, industrial, and residential land uses.  
The Census tracts that encompass Alternative 6 in Harris County are 2518, 2519.01, 2519.02, and 2527 
and in Liberty County are 7010 and 7011.  The total number of housing units for these Census tracts is 
12,514 and there is a 91 percent occupation rate.   

3.9.5 Mining and Underground Natural Gas Storage 
HVJ & Associates, Inc. prepared a technical report addressing minerals, mining and underground natural 
gas storage facilities available or present in the project area (HVJ & Associates 2012).  Commercial oil 
and gas maps dated October 24, 2011, published by the GeoMap Company and described as the Upper 
Texas Gulf Coast were evaluated to identify oil and gas activities in Alternative 3A area’s vicinity 
(GeoMap, Inc. UT-309 and UT-310).  The available maps were reviewed to determine historic and recent 
well activity near Alternative 3A ROW.  In addition, Railroad Commission of Texas (RRC), Geographic 
Information System (GIS) and other data obtained through GeoSearch, internet online resources, and 
interviews with several energy company officials were conducted to obtain the latest information.  
Tables 3-25, 3-26, and 3-27 summarize oil and gas wells located near the respective alternative ROW.   
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3.9.5.1 Alternative 3A 
Major oil and gas fields in Alternative 3A ROW’s vicinity include (from west to east): 

 Rankin Field approximately 2.1 miles south of the Alternative 3A ROW which produces hydrocarbons 
from the Yegua and Cook Mountain Formations;  

 Dayton North Field approximately 1.34 miles to the southeast and south producing from a salt dome 
cap rock of Miocene, Frio, Vicksburg and Yegua Formations; 

 Martha Field approximately 4 miles to the south of the Alternative 3A ROW that produces from the 
Yegua Formation; and  

 Hardin North Field approximately 3.6 miles southeast of Alternative 3A ROW’s east end on Trinity 
River’s east side.  

Recent RRC online Oil and Gas Proposals for Decisions and Orders records were reviewed for the four 
fields closest to the Alternative 3A area and no current activity near the Alternative 3A area was found.  
RRC’s published Oil and Gas records were also reviewed, as available, and information concerning a 
December 29, 2011 Gas Well Pressure Test, Completion or Recompletion Report, and Log was 
identified.  The completion form from RRC records was for the Gordy No. 1 Holmes well within Parcel 42 
of Alternative 3A ROW.  The completion form indicates the well was completed during June 2011 in the 
Wilcox Formation at a 16,600-foot depth.  Well casing has been set to a 16,594-foot depth.  The remarks 
section on this form indicates the well has not been tested, and they are waiting on the decision to 
complete or further evaluate. 

Additional drilling activity has also occurred in the Liberty County area and generally includes infill drilling 
within established field boundaries.  Historically (since 1938), there have been nine dry hole wells and 
one gas discovery well within 4,000 feet of Alternative 3A ROW.  The Gordy No. 1 Holmes is listed as a 
new well on the latest GeoMap published in 2011 (RRC 2011).  According to available records issued by 
Gordy Oil Company to the Railroad Commission of Texas, this is a possible gas discovery with casing set 
and completion/testing pending rig availability.  Further well status including field development potential in 
the area is pending receipt of flow rate testing data and other information (RRC 2011).  Although drilling 
success has historically been limited along/near the Alternative 3A ROW, drilling activity may increase as 
due to the successful completion of the Gordy No. 1 Holmes well near the Alternative 3A ROW. 

ENSTOR plans to develop the Houston HUB Gas Storage Facility on a salt dome structure near the CR 
678 and FM 686 intersection in Liberty County in Alternative 3A’s vicinity (ENSTOR 2012).  The north end 
of this project adjoins the east side of Parcel 25.2 (Carolyn Epple Johnson and Riceland Properties Inc. 
000485 Ed Pruitt-122, Tract 4) at the proposed NGPL Interconnect/Meter site in proximity to Alternative 
3A ROW, specifically adjoining Parcels 23.2 (Stilson Properties Inc., 000176 J. Darwin Tract 4) and 
Parcel 25.6 (Carolyn Epple Johnson and Riceland Properties Inc. 000485 Edward Pruitt-122, Tract 1).   

The ENSTOR Houston HUB Storage Project includes constructing four proposed solution-mined caverns 
with an initial 16 billion cubic feet (bcf) storage capacity for working gas, supported by 8.7 bcf of pad gas.  
After completing solution mining, the caverns would be taken out of service one at a time for additional 
solution mining to increase the capacity for each storage cavern by 7.5 bcf for 30 bcf total volume of 
working gas and 16.3 bcf of pad gas.  The project would be able to inject about 600 million cubic feet 
(mmcf) of gas per day and provide a nominal 1 bcf per day withdrawal.  In addition to the solution-mined 
gas storage salt caverns, also proposed for this project are: 

 Five brine disposal wells and associated 20-inch diameter brine disposal pipeline;  

 Five raw water wells and associated 20-inch-diameter raw water pipeline;  

 31,600 horse-power compressor station, two interconnects and meter stations;  

 2.3 miles of dual 24-inch diameter pipeline; and  

 Ancillary facilities including dehydration equipment, pressure reducing station and withdrawal 
separator with slug catcher.   



3-104 

Environmental Impact Statement 
Luce Bayou Interbasin Transfer Project October 2012 

According to ENSTOR staff, this site is located to meet traditional storage user requirements, and to 
assist power generators in their need to manage the growing renewable generation market in Texas 
(ENSTOR 2012).  ENSTOR Houston HUB Storage Project will provide customers the opportunity to 
balance production from the shale resources in Texas including the Haynesville and the Eagle Ford play 
in South Texas.  The Houston HUB Storage Project received its FERC certificate in 2008, which allows 
ENSTOR to provide high deliverability multi-cycle gas storage service.  When constructed, the ENSTOR 
facility will provide access to supply and market from various trading regions, ensuring liquidity and 
flexibility to help production companies with their seasonal, daily and intra-day load balancing needs.  
According to ENSTOR personnel, the Houston HUB Storage facility’s construction is currently on hold.  
The hold is due to current gas oversupply and subsequent lower gas prices making capital expenditures 
on the facility prohibitive.  All FERC permits are current, and no new permitting is anticipated at this time. 

Table 3-25:  
Summary of Oil and Gas Sites Located Near the Alternative 3A ROW 

Operator  
Name Lease Name 

API No. , Survey and 
ROW Parcel No.  

(if applicable) 

Well Total 
Depth  

(ft) 
Completion 

Date 

Approx. 
Distance from 

the ROW 
 (ft) 

Carrizo Oil & 
Gas, Inc. 

1-Baby Ruth 
Gas Unit 

32765 
J. Merry A-49 9,428 03/27/07 

Gas discovery 
2,0001  
(south) 

Placid  1-Tharp 01064 
J. Merry A-49 9,015 06/29/48 

Dry hole 
4,0002  
(south) 

Gordy 1-Holmes 
32845 
A-988 

ROW Parcel 42 
Unknown 

TBD 
Possible field 

discovery 

5003 

 (west) 

Unknown Unknown 
BBB&C Railroad Co. 

A-151 
ROW Parcel 37.5 

Unknown Unknown 
Dry hole 

2,5004 

(east) 

Texaco (Cain) 1-Shipman 
024349 

H&TC A-263 
ROW Parcel 27 

11,533 12/10/52 as 
dry hole 

2,200 
(south) 

Sohio 1-Davis 
30688 

W. Swail A-112 
ROW Parcel 8 

8,757 07/28/77 as 
dry hole 

2,500 
(southeast) 

Famcor 1-A Davis 
32152 

J. Haney A-207 
ROW Parcel 7 

8,750 09/08/92 as 
dry hole 

2,400 
(northwest) 

Standard of 
Texas 1-Davis 

02422 
J. Haney A-207 
ROW Parcel 7 

9,000 01/28/57 as 
dry hole 

1,500  
(northwest) 

Oil & Gas 1-Miles 
30313 

J. Hardin A-213 
ROW Parcel 6 

8,515 09/17/72 as 
dry hole 

2,500 
(northwest) 

Kilroy 1-Davis 
02424 

J. Haney A-207 
ROW Parcel 7 

8,836 06/22/57 as 
dry hole 

3,000 
(southeast) 

Turnbull & Irwin 1-Hildebrandt 
02172 

W. Whitlock A-118 
ROW Parcel 4 

7,006 05/10/38 as 
dry hole 

600 
(southeast) 

Source:  Railroad Commission of Texas Geographic Information System and GEOMAP well location maps for the Upper Texas 
Gulf Coast October 24, 2011. 
1. The Railroad Commission GIS shows this as a permitted location at the longitude and latitude in the table.  GEOMAP shows 

this as a gas discovery approximately 3,500 feet south of the Alternative 3A ROW.  Since this is a discovery well, development 
may occur near this well possibly toward the Alternative 3A ROW. 
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2. Location is approximately 400 feet. southwest of the No. 1 Baby Ruth Gas Unit well. 
3. The Gordy 1-Holmes is listed as a “new well location” by GEOMAP.  Gordy Oil indicates that this is a possible discovery well.  

Flow rates and development scenario are waiting on completion rig availability and further data analysis. 
4. Railroad Commission GIS shows this as a permitted location at the longitude and latitude in the table.  GEOMAP does not 

show this location. 

3.9.5.2 Alternative 4 
Major oil and gas fields in the Alternative 4 ROW vicinity include (from west to east): 

 Rankin Field that produces hydrocarbons from the Yegua and Cook Mountain Formations;  

 Dayton North Field, on the Miocene, Frio, Vicksburg and Yegua Formations north of the alignment;  

 Martha Field south of the Alternative 4 ROW, which produces from the Yegua Formation; and  

 Hardin North Field east of Alternative 4 ROW’s east end on the Trinity River’s east side.  

Table 3-26:  
Summary of Oil and Gas Sites Located Near the Alternative 4 ROW 

Operator Lease Name API and  
Survey No. Well Depth Description Completion 

Date 

Approx. 
Distance 
from the 

ROW 
Unknown Unknown 201, Unknown Unknown Dry Hole Unknown 1,056 
Unknown Unknown 201,Unknown Unknown Dry Hole Unknown 1,377 
Brammer 
Engineering, Inc. Riet, Van 20132647, F.H 

Rankin A-57 9,340 Directional Well 
Surface Location 02/25/03 1,283 

Unknown Unknown 201, Unknown Unknown Dry Hole Unknown 1,055 
Brammer 
Engineering, Inc. Middleton 20132651, F.H 

Rankin A-57 9,400 Directional Well 
Surface Location 06/11/03 1,096 

Unknown Unknown 201, Unknown Unknown Dry Hole Unknown 1,311 
Brammer 
Engineering, Inc. Mcwhorter 20132658, F.H 

Rankin A-57 9,300 Directional Well 
Surface Location 07/30/03 593 

Unknown Unknown 201, Unknown Unknown Dry Hole Unknown 400 
Galloway Lone 
Star, L.L.C. Rankin Unit 20181746, 

Unknown Unknown Plugged Oil Unknown 1,181 

Unknown Unknown 291, Unknown Unknown Dry Hole Unknown 778 
Unknown Unknown 291, Unknown Unknown Dry Hole Unknown 792 
Unknown Unknown 291, Unknown Unknown Dry Hole Unknown 482 
Magnum 
Engineering 
Company 

Deering, J. A., -G- 
O/A 

29130182, H&TC 
Sur. A-256 4,398 Oil 12/24/70 1,288 

Magnum 
Engineering 
Company 

Deering, J. A. Unit 
K O/A 

29130173, H&TC 
Sur. A-256 4,062 Oil 10/25/70 1,366 

Unknown Unknown 291, Unknown  Dry Hole Unknown 1,215 
Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-O- O/A 

29130124, H&JC 
#135 Sur. A-256 4,345 Plugged Oil 03/20/70 1,284 

Texaco Inc. Unknown 29130082, H&LC 
A-256 5,090 Oil Unknown 1,309 

Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-O- O/A 

29130143, H&TC. 
A-256 5,600 Plugged Oil Unknown 835 
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Operator Lease Name API and  
Survey No. Well Depth Description Completion 

Date 

Approx. 
Distance 
from the 

ROW 

Unknown Unknown 291, Unknown Unknown Permitted 
Location Unknown 1,102 

Unknown Unknown 291, Unknown Unknown Permitted 
Location Unknown 1,028 

Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-O- O/A 

29130133, H&TC  
A-256 7,300 Plugged Oil 05/28/70 1,203 

Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-O- O/A 

29105356, H&TC 
Sur. A-256 5,650 Oil 10/08/71 1,139 

Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-O- O/A 

29130291, H&TC 
A-256 6,200 Oil 05/13/72 873 

Unknown Unknown 29181245, 
Unknown Unknown Directional Well 

Surface Location Unknown 1,039 

Unknown Unknown 291, Unknown Unknown Oil Unknown 15 
Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-O- O/A 

29130129, H&TC 
A-256 6,300 Oil 04/24/70 622 

Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-N- O/A 

29130131, H&T.C. 
256 5,400 Injection/Disposa

l From Oil 10/24/02 1,166 

Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-N- O/A 

29105290, H&TC 
A-256 5,762 Oil 01/05/68 1,153 

Unknown Unknown 291, Unknown Unknown Permitted 
Location Unknown 614 

Texas Oil 
Company, The 

Deering, J. A., Tr. 
"O" O/A -2- 

29132164, H&TC 
Rr Co. 8,347 Directional Well 

Surface Location 01/26/93 816 

Unknown Unknown 291, Unknown Unknown Dry Hole Unknown 234 
Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-N- O/A 

29105320, H&TC 
Su 5,664 Plugged Oil 05/18/67 1,312 

Unknown Unknown 291, Unknown Unknown Oil Unknown 169 
Texas Oil 
Company, The 

Deering, J.A., 
Tract "N" O/A -2- 

29132157, H&TC 
Rr Co. 7,500 Directional Well 

Surface Location 09/19/99 943 

Unknown Unknown 291, Unknown Unknown Permitted 
Location Unknown 12 

Unknown Unknown 291, Unknown Unknown Oil Unknown 268 
Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-N- O/A 29130128 6,365 Oil 07/02/70 531 

Unknown Unknown 291, Unknown Unknown Permitted 
Location Unknown 269 

Unknown Unknown 291, Unknown Unknown Permitted 
Location Unknown 290 

Unknown Unknown 291, Unknown Unknown Dry Hole Unknown 11 
Unknown Unknown 291, Unknown Unknown Gas Unknown 1,381 
Unknown Unknown 291, Unknown Unknown Oil/Gas Unknown 247 
Unknown Unknown 291, Unknown Unknown Plugged Gas Unknown 1,264 
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Operator Lease Name API and  
Survey No. Well Depth Description Completion 

Date 

Approx. 
Distance 
from the 

ROW 

Unknown Unknown 291, Unknown Unknown Directional Well 
Surface Location Unknown 601 

Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-D- 

29102665, 
Unknown Unknown Directional Well 

Surface Location 04/02/60 189 

Unknown Unknown 291, Unknown Unknown Gas Unknown 1,260 
Unknown Unknown 291, Unknown Unknown Plugged Gas Unknown 1,190 
Unknown Unknown 291, Unknown Unknown Oil Unknown 294 
Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-D- 

29102664, 
Edmond Pruitt 

#134 
8,616 Directional Well 

Surface Location 08/12/98 47 

Texaco Inc.  
29102663, 
Unknown 0 Oil/Gas 04/01/52 1,274 

Magnum 
Engineering 
Company 

Deering, J. A., Tr. 
-D- 29102666 8,750 Oil/Gas 10/25/89 481 

Unknown Unknown 291, Unknown Unknown Oil Unknown 582 

Unknown Unknown 291, Unknown Unknown Canceled 
Location Unknown 1,241 

Texaco Inc.  
29102660, 
Unknown 8,113 Oil/Gas 06/01/84 1,100 

Kirby Exploration 
Co. Texaco Fee 

29131743,  
Rebecca Priutt  

A-496 
15,000 Dry Hole Unknown 40 

Huber, J. M., 
Corporation Jolly, Frances Unit Rebecca Priutt  

A-493 0 Dry Hole Unknown 969 

Unknown Unknown 291, Unknown Unknown Dry Hole Unknown 103 
Unknown Unknown 291, Unknown Unknown Dry Hole Unknown 1,029 
Source:  Railroad Commission of Texas Geographic Information System.  
Five wells were identified in the project ROW corridor, which includes a 150-foot buffer from each side of Alternative 4’s center line.  
Detailed discussion about these wells is included in Section 4.9.6. 

3.9.5.3 Alternative 6 
 Major oil and gas fields in Alternative 6 ROW’s vicinity include (from west to east): 

 Rankin Field north of Alternative 6 ROW, which produces hydrocarbons from the Yegua and Cook 
Mountain Formations;  

 Dayton North Field, on the Sand and Yegua Formations; and  

 A wildcat well is located in the vicinity of the east end of Alternative 6. 
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Table 3-27:  
Summary of Oil and Gas Sites Located Near the Alternative 6 ROW 

Operator Name Lease Name API No. and 
Survey No. Well Type Well 

Depth 
Completion 

Date 

Approx. 
Distance 
from the 
ROW (Ft) 

Texas American 
Resources 
Company 

Mary Gay 
Corporation 

29132284,  
J.A. Williams  

A-119 
Dry Hole 10,629 Unknown 329 

Unknown Unknown 291, Unknown Dry Hole Unknown Unknown 495 

Unknown Unknown 
29120445, 

Angus McNeil  
A-77 

Dry Hole 8,170 Unknown 1,041 

Bledsoe Petro 
Corporation 

South Esperson 
Unit 

29180425, 
Angus McNeil Plugged Oil 7,820 Unknown 937 

Phoenix 
Hydrocarbons 
Operating 

Esperson "B" 
29132568, 

Angus McNeil  
A-77 

Dry Hole 8,334 Unknown 964 

Unknown Unknown 291, Unknown Dry Hole Unknown Unknown 229 

Bledsoe Petro 
Corporation 

South Esperson 
Unit 

29104155, 
Angus Mcneil  

A-77 
Plugged Oil 7,785 1/21/1983 764 

Mobil Producing 
Tx. & N.M. Inc. 

Esperson, M. 
-B- 

29104152, CC 
Brunson A-741 Plugged Oil 7,267 Unknown 914 

Phoenix 
Hydrocarbons 
Operating 

Esperson "B" 
29104154, 

Angus McNeil  
A-77 

Oil 0 Unknown 519 

Mobil Producing 
TX. & N.M. Inc. 

Esperson, M. 
-B- 

29104151, 
Angus McNeil  

A-77 
Plugged Oil 7,315 Unknown 941 

Bledsoe Petro 
Corporation 

South Esperson 
Unit 

29180423, 
Unknown Oil 0 Unknown 567 

Phoenix 
Hydrocarbons 
Operating 

Welch 
Foundation 

29132346, F.M. 
Gardner #150/ 
C.C. Brunson  

A-741 

Oil 5,588 3/17/2000 989 

Phoenix 
Hydrocarbons 
Operating 

Welch 
29132271, 

Meredith Duncan 
A-29 

Oil 5,571 4/16/1997 1,102 

Bledsoe Petro 
Corporation 

South Esperson 
Unit 

29105166, 
Angus McNeil Oil 7,745 8/2/1984 309 

Bledsoe Petro 
Corporation 

South Esperson 
Unit 

29130132, 
Angus McNeil 

A-77 
Oil 7,400 5/27/1970 167 

Bledsoe Petro 
Corporation 

South Esperson 
Unit 

29104150, 
Angus McNeil Plugged Oil 7,872 1/14/1983 53 

Unknown Unknown 291, Unknown Oil Unknown Unknown 618 

Unknown Unknown 291, Unknown Dry Hole Unknown Unknown 155 

Bledsoe Petro 
Corporation 

Welch, R. A. Et 
Al "A" 

29132325, 
Meredith Duncan Dry Hole 4,200 Unknown 1,012 
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Operator Name Lease Name API No. and 
Survey No. Well Type Well 

Depth 
Completion 

Date 

Approx. 
Distance 
from the 
ROW (Ft) 

Unknown Unknown 291, Unknown Oil Unknown Unknown 12 

Bledsoe Petro 
Corporation 

South Esperson 
Unit 

29104143, 
Angus McNeil Plugged Oil 7,912 4/15/1967 467 

Bledsoe Petro 
Corporation 

South Esperson 
Unit 

29104142, 
Angus McNeil Plugged Oil 7,528 Unknown 442 

Unknown Unknown 291, Unknown Permitted 
Location Unknown Unknown 100 

Mobil Producing 
TX. & N.M. Inc. 

Kirby 
Unit-Middle 
Yegua Zone 

29104054,  
A. Duncan Oil 7,540 2/28/1986 618 

Unknown Unknown 291, Unknown Dry Hole Unknown Unknown 858 

Mobil Producing 
TX. & N.M. Inc. 

Kirby 
Unit-Middle 
Yegua Zone 

29104061, 
Meredith Duncan Oil 7,805 6/25/1985 787 

Mobil Producing 
TX. & N.M. Inc. 

Kirby 
Unit-Middle 
Yegua Zone 

29104062, 
Meredith Duncan Oil 7,568 4/17/1986 579 

Unknown Unknown 291, Unknown Dry Hole 
 

Unknown 579 

General Crude Oil 
Co. 

Welch, R. A., Et 
Al "A" 

29131304 
M. Duncan A-29 Dry Hole 6,000 Unknown 510 

Unknown Unknown 291, Unknown Dry Hole Unknown Unknown 1,003 

Phoenix 
Hydrocarbons 
Operating 

Welch "B" 29132324, 
Meredith Duncan Oil 8,595 6/26/1999 98 

Bledsoe Petro 
Corporation Welch "B" 29104064, 

Meredith Duncan Oil 8,390 6/5/1985 93 

Unknown Unknown 291, Unknown Dry Hole Unknown Unknown 769 

Mobil Producing 
TX. & N.M. Inc. 

Kirby 
Unit-Middle 
Yegua Zone 

29104068, 
Meredith Duncan Oil 7,312 2/20/1985 652 

Mobil Producing 
TX. & N.M. Inc. 

Kirby 
Unit-Middle 
Yegua Zone 

29104067, 
Meredith Duncan Oil 7,890 6/26/1985 796 

Bledsoe Petro 
Corporation Welch "B" 29104065,  

M. Duncan Plugged Oil 6,433 1/22/1949 730 

Bledsoe Petro 
Corporation Welch "B" 29104066, 

Meredith Duncan Oil 9,518 Unknown 1,071 

Unknown Unknown 201, Unknown Dry Hole Unknown Unknown 606 

Unknown Unknown 201, Unknown Dry Hole Unknown Unknown 454 

LGDC Corporation Gallant 20132780,  
Levy, La 

Directional 
Well Surface 

Location 
11,250 Unknown 315 

Clover Energy 
Corporation 

Purcell 
Company 

20131314, 
Unknown Dry Hole 0 Unknown 29 

Source:  Railroad Commission of Texas Geographic Information System.  
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Six wells were identified in the project corridor for this alternative, which includes a 150-foot buffer from 
each side of Alternative 6’s center line.  Detailed discussion about these wells is included in 
Section 4.9.6. 

3.10 Social and Economic Resources 

3.10.1 Socioeconomics 
Collectively, social and economic indicators are often referred to as socioeconomics.  Much of the 
information that assists in evaluating the socioeconomic status of a given population is available from the 
U.S. Census Bureau on a national, state, or regional level.  Site-specific socioeconomic data are available 
from the U.S. Census Bureau on a county, Census block, and Census tract level.  More detailed 
information regarding a community’s educational institutions, fire and rescue or medical services, and 
local employment information is typically available from Federal, state, or county governmental offices 
such as local chambers of commerce or the Bureau of Labor Statistics. 

The proposed LBITP is located extending through Liberty County from the Trinity River to Lake Houston 
in north-eastern Harris County Texas.  Liberty County is relatively sparsely populated compared with the 
state of Texas (65 versus 80 people per square mile respectively).  The City of Liberty (the County seat) 
is the largest population center in the county with approximately 8,500 residents.  The second largest city 
in Liberty County is Dayton, located on U.S. Highway (US) 90 approximately six miles west of the city of 
Liberty.  In 2010, the latest source of available population data, the population of Dayton is approximately 
7,300 people; Dayton is approximately four miles south from the nearest point of the proposed Alternative 
3A ROW (U.S. Census Bureau 2012).   

Updated information from the U.S. Census 2010 data and the U.S. Census Bureau American Community 
Survey: 2010 5-year Estimates were compiled to describe the socioeconomic condition of the study area. 
See Figure 3.10-1 through Figure 3.10-3 for the location of affected Census Tracts.   Tables 28, 29, 30 
and 31 provide a summary of demographic data by Alternative.   

3.10.1.1 Alternative 3A 
The Alternative 3A ROW traverses through Dayton (Liberty County) and Huffman (Harris County) ISD, 
with the majority of the Alternative 3A ROW located within the Dayton ISD.  The Census tracts included in 
the update are Tracts 7003, 7004, 7007, 7008, 7009 and 7010 in Liberty County, Texas (Dayton ISD) and 
Tracts 2504, 2508, 2509, 2516 and 2517 in Harris County, Texas (Huffman ISD). 

3.10.1.2 Alternative 4 
Alternative 4 encompasses both Dayton and Huffman ISD.  Most of the study area is located in Liberty 
County and the Huffman ISD.  The Census tracts for Liberty County include 7004, 7008, 7009, and 7010.  
Alternative 4 affects one Census Tract for Harris County, Census Tract 2517.  

3.10.1.3 Alternative 6 
Alternative 6 crosses through Crosby and Dayton ISD.  Most of Alternative 6 is located in Harris County.  
The Census tracts for Harris County for Alternative 6 are 2518, 2519.01, 2519.02, and 2527.  The Census 
tracts for Liberty County for Alternative 6 are 7010 and 7011.   

3.10.2 Housing and Community Cohesion 
The 2009 Demographic Update indicates irregular housing development is occurring within the study area 
(PASA 2009).  This pattern is anticipated to continue over the next 10 years.  As described in 
Section 3.9.3, the housing pattern in the study area is mostly rural, with large ranch lots in the eastern 
portion.  As the Alternatives near Lake Houston, there are a variety of residential uses and housing 
options.   
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3.10.2.1 Alternative 3A 
Some areas in the study area will remain relatively unchanged, while other sectors will see greatly 
expanded housing stock.  This growth trend is particularly evident in surrounding areas of the City of 
Dayton, south and southeast of the Alternative 3A ROW in Dayton ISD and in areas northwest of the 
Alternative 3A ROW in Huffman ISD, where plans for new and developing residential areas are occurring.  
In Dayton ISD, the Meadowood and Dayton Oaks subdivisions, are located immediately north of a section 
of the Alternative 3A ROW; and in Huffman ISD, while no existing or developing subdivision are abutting 
the Alternative 3A ROW, several are within one mile of the Alternative 3A ROW.  These are known as 
Lake Houston Forest, Water Wonderland, Pecan Orchard, Huffman Heights, Fairway Crossing at Lake 
Houston, Lockshire, and Magnolia Estates. 

Community cohesion for Alternative 3A is not anticipated to be directly impacted.  Community facilities 
such as churches, parks, and schools were evaluated when determining Alternative 3A in order to 
minimize displacements and direct impacts to community cohesion.  The major system of roadways that 
Alternative 3A ROW relies on for local and regional connectivity and cohesion include SH 321, SH 146, 
FM 1008, FM 1409 and FM 2100 in the north/south direction and FM 1960, US 90, and FM 686 in the 
east/west direction.  

3.10.2.2 Alternative 4 
As discussed in Chapter 3.9.3, there are some single-family and multi-family residential housing areas 
available although much of Alternative 4 is generally rural residential in nature.  The primary 
transportation artery that connects the communities of Dayton and Huffman, along Alternative 4, is FM 
1960.  FM 1960 is a major arterial that provides connection to the Houston metropolitan area, which is 
west of Lake Houston. 

3.10.2.3 Alternative 6 
As discussed in Chapter 3.9.3, there are residential areas in the vicinity of the proposed alignment of 
Alternative 6, generally consisting of single-family residential properties.  The eastern end of the 
alignment is primarily rural, with some residences near and along FM 1409.  The western end of the 
alignment is heavily suburbanized with large subdivisions and multi-family housing.  

US 90, SH 146 and FM 2100 are heavily traveled transportation corridors that are either impacted by 
Alternative 6 and/or are adjacent to it.  FM 2100, at the time this report was being prepared, was under 
construction for a widening project, thus providing greater through-movement to the residents of Crosby, 
which is a growing suburban area.  US 90 is an east-west national highway that traverses the southern 
United States and is a major freight corridor.  SH 146 is a north-south highway that is frequently used by 
freight vehicles from the Port of Houston vicinity northward to US 90 where they can travel east or west 
and minimize congestion in the Houston metropolitan area. 

3.10.3 Environmental Justice 
Executive Order (EO) 12898 (59 FR 7629), Federal Actions to Address Environmental Justice in Minority 
Populations and Low-Income Populations, was enacted on February 11, 1994, and mandates that 
Federal agencies identify and address, as appropriate, disproportionately high and adverse human health 
or environmental effects of programs on minority and low-income populations (EPA 2012).  
Disproportionately high and adverse effects on minority or low-income populations generally mean an 
adverse effect that is predominantly borne by a minority population and/or low-income population, or 
would be suffered by the minority population and/or low-income population, and is appreciably more 
severe or greater in magnitude than the adverse effect that would be suffered by the non-minority 
population and/or non-low-income population. 
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3.10.3.1 Minority Populations 
A minority population is defined as a group of people and/or a community experiencing common 
exposure or impact conditions including persons classified by the U.S. Census Bureau as Black or 
African-American; Asian; American Indian or Alaska Native; Native Hawaiian or other Pacific Islander; 
Hispanic or Latino; or other non-white persons, including persons with two or more races.   

3.10.3.1.1 Alternative 3A 
The Alternative 3A area has four Census blocks in Liberty County and two in Harris County with greater 
than 50 percent minority populations.  Minority population data, including all geographic areas by Census 
tract, is provided (Table 3-28).  Many Census blocks had a zero population due to the project area’s rural 
nature.  

Liberty County 

 Block 1004, Census Tract 7007, population one, 0 percent white, 100 percent minority 
 Block 4023, Census Tract 7008, population eight, 0 percent white, 100 percent minority 
 Block 1021, Census Tract 7009, population four, 0 percent white, 100 percent minority 
 Block 1038, Census Tract 7009, population 25, 0 percent white, 64 percent minority 

Harris County 

 Block 2046, Census Tract 2516, population three, 0 percent white, 67 percent minority  
 Block 3024, Census Tract 2517 population one, 0 percent white, 100 percent minority 

Table 3-28: Minority Populations by Tract for Alternatives 3A, 4, and 6 

Geographic Area Total Population White percent Minority Percent 
United States 308,745,538 72.4 25.6 
Texas 25,145,561 70.4 27.6 
Harris County 4,092,459 56.6 40.8 
Liberty County 75,643 77.2 21.4 
Build Alternatives Ethnicity Data 

Alternative 3A 
Census Tract 2504 26,096 70.9 26.4 
Census Tract 2508 8,129 87.7 10.3 
Census Tract 2509 8,569 92.3 6.6 
Census Tract 2516 5,750 90.6 8.6 
Census Tract 2517 8,069 88.1 10.8 
Census Tract 7003 9,514 77.1 21.4 
Census Tract 7004 6,334 96.1 2.9 
Census Tract 7007 2,507 88.5 10.5 
Census Tract 7008 8,892 85.7 14.1 
Census Tract 7009 6,059 60.7 38.3 
Census Tract 7010 6,216 66.3 32.4 

Alternative 4 
Census Tract 2517 8,069 88.1 10.8 
Census Tract 7004 6,334 93.9 6.1 
Census Tract 7008 2,507 79.3 20.7 
Census Tract 7009 6,059 48.6 51.4 
Census Tract 7010 6,216 48.9 51.1 
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Geographic Area Total Population White percent Minority Percent 
Alternative 6 

Census Tract 2518 1,847 78.5 21.5 

Census Tract  
2519.
01 9,353 77.4 22.6 

Census Tract 
2519.
02 4,778 72.1 27.9 

Census Tract 2527 4,163 64.4 35.6 
Census Tract 7010 6,216 48.9 51.1 
Census Tract 7011 6,954 80.5 19.5 

Source: U.S. 2010 Census 

3.10.3.1.2 Alternative 4 
The Alternative 4 area has three Census blocks in Liberty County with greater than 50 percent minority 
populations.  Minority population data, including all geographic areas by Census tract, are provided in 
Table 3-28.  Many Census blocks had a zero population due to the project area’s rural nature.  

Liberty County 

 Block 1050, Census Tract 7009, population 32, 31 percent white, 69 percent minority 

 Block 2008, Census Tract 7009, population 13, 31 percent white, 69 percent minority 

 Block 3002, Census Tract 7009, population 3,988, 38 percent white, 62 percent minority 

3.10.3.1.3 Alternative 6 
The Alternative 6 area has three Census blocks in Liberty County with greater than 50 percent minority 
populations.  Minority population data, including all geographic areas by Census tract, is provided 
(Table 3-28).  Many Census blocks had a zero population due to the project area’s rural nature.  

Liberty County 

 Block 3044, Census Tract 7010, population 315, 49 percent white, 51 percent minority 

 Block 3051, Census Tract 7010, population 5, 38 percent white, 62 percent minority 

 Block 3079, Census Tract 7010, population 2, 0 percent white, 100 percent minority 

3.10.4 Limited English Proficiency 
Executive Order 13166, Improving Access to Services for Persons with Limited English Proficiency (LEP), 
requires agencies to examine the services they provide, identify any need for services to those with LEP, 
and develop and implement a system to provide those services so LEP persons can have meaningful 
access to them.  The most recent LEP data for this project is available only at the Census tract level and 
above; therefore, block level data were not used for this analysis.  

Table 3-29 summarizes the percent LEP population for the Census tracts analyzed for Alternative 3A 
according to the ACS 2010 5-year estimates.  The proposed project is not anticipated to have a 
disproportionately adverse effect on any LEP households.  Of the LEP populations identified, most of 
these are Spanish speaking.  During the public involvement process, notices were published in the 
Spanish language newspapers and Spanish speaking individuals were available during the public 
meetings to accommodate these individuals.  
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Table 3-29:  
LEP Population by Census Tract for Alternative 3A 

Geographic Area Total LEP Spanish Indo-European Asian Other 
Languages 

United States 8.6% 5.7% 1.2% 1.4% 0.2% 
Texas 14.5% 12.8% 0.5% 1.1% 0.1% 
Harris County 27.2% 23.9% 0.8% 2.2% 0.3% 
Liberty County 20.9% 17.9% 0.7% 2.0% 0.2% 

Census Tract 7003 9.8% 9.8% 0.0% 0.0% 0.0% 
Census Tract 7004 0.4% 0.4% 0.0% 0.0% 0.0% 
Census Tract 7007 4.2% 4.2% 0.0% 0.0% 0.0% 
Census Tract 7008 3.4% 2.5% 0.2% 0.7% 0.0% 
Census Tract 7009 2.7% 2.7% 0.0% 0.0% 0.0% 
Census Tract 7010 18.9% 18.9% 0.0% 0.0% 0.0% 
Census Tract 2504 16.4% 16.4% 0.0% 0.0% 0.0% 
Census Tract 2508 2.0% 1.8% 0.1% 0.1% 0.0% 
Census Tract 2509 1.7% 0.7% 0.5% 0.4% 0.0% 
Census Tract 2516 3.6% 3.6% 0.0% 0.0% 0.0% 
Census Tract 2517 1.2% 1.0% 0.2% 0.0% 0.0% 

Source: U.S. Census Bureau (2010) American Community Survey 

Table 3-30 summarizes the percent LEP population for the Census tracts analyzed for Alternative 4 
according to the ACS 2010 5-year estimates.  The proposed project is not anticipated to have a 
disproportionately negative effect on any LEP household.  Of the LEP population identified, most 
households are Spanish speaking.  During the public involvement process, notices were published in the 
Spanish language newspapers and Spanish speaking individuals were available during the public 
meetings to accommodate these individuals. 

Table 3-30:  
LEP Population by Census Tract for Alternative 4 

Geographic Area Total LEP Spanish Indo-European Asian 
Other 

Languages 
United States 8.6% 5.7% 1.2% 1.4% 0.2% 
Texas 14.5% 12.8% 0.5% 1.1% 0.1% 
Harris County 27.2% 23.9% 0.8% 2.2% 0.3% 
Liberty County 20.9% 17.9% 0.7% 2.0% 0.2% 

Census Tract 7004 0.4% 0.4% 0.0% 0.0% 0.0% 
Census Tract 7008 3.4% 2.5% 0.2% 0.7% 0.0% 
Census Tract 7009 2.7% 2.7% 0.0% 0.0% 0.0% 
Census Tract 7010 16.4% 16.4% 0.0% 0.0% 0.0% 
Census Tract 2517 1.2% 1.0% 0.2% 0.0% 0.0% 

Source: U.S. Census Bureau (2010) American Community Survey 
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Table 3-31 summarizes the percent LEP population for the Census tracts analyzed for Alternative 6 
according to the ACS 2010 5-year estimates.  The proposed project is not anticipated to have a 
disproportionately negative effect on any LEP households.  During the public involvement process notices 
were published in the Spanish language newspapers and during the public meetings, Spanish speaking 
individuals were available to accommodate these individuals. 

Table 3-31:  
LEP Population by Census Tract for Alternative 6 

Geographic Area Total LEP Spanish Indo-European Asian 
Other 

Languages 

United States 8.6% 5.7% 1.2% 1.4% 0.2% 
Texas 14.5% 12.8% 0.5% 1.1% 0.1% 
Harris County 27.2% 23.9% 0.8% 2.2% 0.3% 
Liberty County 20.9% 17.9% 0.7% 2.0% 0.2% 

Census Tract 7010 18.9% 18.9% 0.0% 0.0% 0.0% 
Census Tract 7011 5.7% 4.7% 1.0% 0.0% 0.0% 
Census Tract 2518 12.7% 12.0% 0.7% 0.0% 0.0% 
Census Tract 
2519.01 

6.1% 5.3% 0.8% 0.0% 0.0% 

Census Tract 
2519.02 

7.1% 7.1% 0.0% 0.0% 0.0% 

Census Tract 2527 9.8% 9.4% 0.4% 0.0% 0.0% 
Source: U.S. Census Bureau (2010) American Community Survey 

3.10.5 Energy and Mineral Resources  
In Liberty County, prospecting for oil began about 1901, chiefly in the southern part of the county.  
Daisetta and Hull became oil towns after a nearby field was discovered in 1918.  Wells were established 
at the Old River Lake Field by 1904.  Other wells were drilled and were productive at the North Dayton, 
Esperson Dome, Moss Bluff, Davis Hill, and South Liberty Fields in 1925 and at the Hankamer Field in 
1929.  By 1990, oil fields in Liberty County had cumulatively produced almost 496 million barrels of oil, as 
well as significant amounts of natural gas.  

Oil and gas location maps were obtained from a private vendor, GeoMap® Inc., and publicly available oil 
and gas records issued by the RCC were also obtained and reviewed.  

In general, salt domes and the associated faulting are sources of oil and gas accumulation and 
production in the vicinity of the proposed alternatives (Figure 3.10.7-1a through Figure 3.10.7-3d). 
Petroleum exploration has occurred throughout the vicinity of proposed alternatives.  Drilled or 
abandoned oil and gas wells and related gathering or distribution facilities may be present in the vicinity of 
the ROW of the three proposed action alternatives.   

3.10.5.1 Alternative 3A, Alternative 4, and Alternative 6 
Numerous pipelines either intersect or are in the vicinity of the ROW of the proposed alternatives.  These 
pipelines contain a variety of hydrocarbons including, natural gas, propylene, propane, crude oil, liquefied 
petroleum gas, and ethylene, in addition to a large variety of chemicals such as chlorine gas, landfill gas, 
feedstock, and byproducts.  

Approximately 109 oil and gas pipelines either intersect or are in the vicinity of the proposed action 
alternatives.  These pipelines are located in 12 to 14 pipeline corridors and, in general, area pipelines 
provide service to area oil and gas fields.  From south to north, pipelines owned by the following 
operators intersect the ROW of the proposed alternatives and contain a variety of hydrocarbons including 
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natural gas liquids, natural gas, propylene, propane, crude oil, natural gas liquids, liquefied petroleum 
gas, and ethylene.  

 BP Pipelines (North America, Inc.) 

 TEPPCO Crude Pipeline, LLC 

 Kinder Morgan Texas Pipeline, LLC 

 Sunoco Pipeline, LP 

 Mustang Pipeline Company 

 ConocoPhillips Pipeline Company 

 Williams/Transcontinental Gas Pipeline, PL 

 Oneok Natural Gas Pipeline Company, LP 

 Chevron Pipeline Company 

 Buckeye Gulf Coast Pipeline, LP 

 Natural Gas Pipeline Company of America 

 KOCH Pipeline Company LP 

No mining operations, including sand and gravel mining, were identified within the ROW of the proposed 
alternatives.  Sand and gravel resources have been identified along the Trinity River in the vicinity of 
Liberty, Texas.  

Approximately 29 electrical power corridors were identified as crossing the ROW of proposed Alternatives 
4 and 6; none were identified within the ROW of the proposed Alternative 3A.  

3.11 Food and Fiber Production 
Farmland areas within the vicinity of Alternative 3A were identified using county property parcel maps and 
farm commodity reports for Liberty and Harris Counties.  Known farms include the Stoesser’s, Reidland’s, 
Freeman’s, Gilbreath’s, Riceland’s and Ponder’s farms.  Alternative 3A ROW generally follows the 
property lines of these farmland areas.  A review of historical aerial photographs has provided information 
that these fields have been used for crop production over the past several decades.  Rice culture has 
been included as part of ongoing crop rotations.  Constructed reservoirs supply water to an extensive 
system and network of canals, ditches, and valves/gates and inundate fields during crop production.  
Commodity crops grown include rice, corn, sorghum, soybean, and grass for livestock grazing.  Cotton 
and other fiber crops are not grown in the Alternative 3A ROW vicinity. 

3.12 Public Health and Welfare 
Roadway crossing conflicts would need to be coordinated with the Texas Department of Transportation 
(TxDOT), Liberty County, Harris County, or other appropriate governmental agency responsible for the 
specific roadway.  Crossings with a pipeline would most likely require trenchless construction in TxDOT 
ROWs and potentially in county ROWs.  Liberty County has traditionally held most of its roadways in 
prescriptive easements.  Crossings with a canal require more extensive construction efforts which may 
include culverts, bridges, siphons, and other structures.  Considerable time would be devoted to 
addressing concerns of the various entities and obtaining permits and other approvals as needed.  
Railroad crossings also require permitting and may require a cased tunnel with proper clearances.  
Considerable schedule time would be devoted to addressing concerns of the railroad company as their 
permitting process will take months to complete. 

Potential affects to the existing environment as a result of safety concerns include prevention of 
contamination through chemicals or biological agents in open water situations such as canals or 
channels.  At roadways and other crossings along these routes, the raw water from the Trinity River could 
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be contaminated.  The pipeline alternatives would have various points of access along the routes 
intended for O&M, which also have the potential for abuse.  In addition, if the water were contaminated 
and transported to the lake or the water treatment plant, this could impact local vegetation and wildlife, 
particularly riparian and wetland vegetation and aquatic wildlife. 

With the heightened terrorist threat in the United States, it is important to manage security concerns 
associated with the LBITP water transfer to Lake Houston, a Houston metropolitan area drinking water 
supply source.  Contamination through biological agents would be a concern in open water situations 
such as canals or channels.  At roadway and other crossings, the raw water from the Trinity River could 
be contaminated and source water protection would be addressed to control threats to public safety 
related to source water protection requirements as implemented by the EPA.  In terms of citizen safety, 
installation of fencing surrounding the LBITP canal would be necessary to prevent accidental, 
water-related injuries from occurring.   

Security measures along the canal and LBITP Alternative 3A ROW would need to be implemented.  At 
present, the preliminary LBITP design incorporates the use of a 4-strand barb wire fence along the entire 
LBITP ROW alignment except at major roadway and pipeline or utility easement crossings.  In these 
locations, a 6-foot chain-link fence may be used to deter trespass and address safety and security 
concerns in areas with available public access such as at roadway crossings.  The proposed 
Alternative 3A alignment and ROW is remote, property parcels are relatively large in extent, and used for 
agricultural purposes, therefore property access is already restricted and it is possible that security and 
fencing requirements in the vicinity of Alternative 3A would also be favorable to wildlife movement and 
habitat use.  The proposed CRPS facilities at the Trinity River (Alternatives 3A and 4) would be 
surrounded by security chain-link fencing topped with 4-strand barb wire and would contain ownership 
information and no trespassing signage.  The existing TRPS (Alternative 6) and the proposed pipeline 
easement would also need fencing to manage security.  However, the ability for wildlife to migrate 
through the project area would be restricted considering the type of security fencing that may be needed 
for public projection of drinking water supplies.  

3.13 Climate and Air Quality 

3.13.1 Climate 
Texas’s climate is strongly influenced by three large geographical features, the Rocky Mountains, the 
central and eastern North American continent, and the Gulf of Mexico (UT Press 2011).  The climate of 
the study area is subtropical, with winds typically out of the southeast with an average speed of 10 to 
15 miles per hour (NOAA 2012a), mean daily temperatures range from approximately 50 degrees 
Fahrenheit in January to approximately 83 degrees Fahrenheit in July and August.  The average annual 
rainfall is approximately 53 inches and the monthly precipitation averaging from approximately 3 to 6 
inches (RSS Weather 2012; NOAA 2009b). 

3.13.2 Air Quality 
The purpose of the Clean Air Act (CAA) of 1977 (42 U.S.C. §7401-7661) is to “protect and enhance the 
quality of the Nation’s air resources so as to promote the public health and welfare and the productive 
capacities of its population” (EPA 2012).  The CAA establishes the Federal standards for various 
pollutants from both stationary and mobile sources and to provide for the regulation of polluting emissions 
via state implementation plans. Under the CAA, the EPA sets national ambient air quality standards 
(NAAQS) for seven criteria air pollutants to protect public health and the environment, with an adequate 
margin of safety.  The NAAQS for the seven pollutants are listed in Table 3-32.  NAAQS exist for carbon 
dioxide (CO), ozone (O3), nitrogen dioxide (NO2), sulfur dioxide (SO2), particulate matter (PM) for both 
10 and 2.5 microns and less (PM10 and PM2.5), and lead (Pb).  The Clean Air Act Amendments (CAAA) of 
1990 establishes specific milestones toward attaining the NAAQS, depending on the severity of the air 
pollution problem in the region.   
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Table 3-32:  
National Ambient Air Quality Standards (NAAQS) 

Pollutant Primary Standards Averaging Times Secondary Standards 
Carbon Monoxide (CO) 9 ppm (10 mg/m3) 8-hr1 None 

35 ppm (40 mg/m3) 1-hr1 None 

Lead (Pb) 1.5 µg/m3 Quarterly Average Same as Primary 

Nitrogen Dioxide (NO2) 0.053 ppm (100 µg/m3) Annual (Arithmetic Mean) Same as Primary 

Particulate Matter (PM10) 150 µg/m3 24-hr1 Same as Primary  

Pollutant Primary Standards Averaging Times Secondary Standards 

Particulate Matter (PM2.5) 15.0 µg/m3 Annual2 (Arithmetic.  Mean) Same as Primary 

35 µg/m3 24-hr3 Same as Primary 

Ozone (O3) 0.075 ppm 
0.08 ppm 

8-hr4 
8-hr5 

Same as Primary 

Sulfur Dioxide (SO2) 0.03 ppm Annual (Arithmetic Mean) ------- 

0.14 ppm 24-hr1 ------- 

------- 3-hr1 0.5 ppm (1300 µg/m3) 
1 Not to be exceeded more than once per year. 
2 To attain this standard, the 3-yr average of the weighted annual mean PM2.5 concentrations from single or multiple 

community-oriented monitors must not exceed 15.0 ug/m3. 
3 To attain this standard, the 3-yr average of the 98th percentile of 24-hr concentrations at each population-oriented monitor within 

an area must not exceed 35 ug/m3. 
4  To attain this standard, the 3-yr average of the fourth-highest daily maximum eight-hour average O3 concentrations measured at 

each monitor within an area over each year must not exceed 0.08 ppm. 
5  To attain this standard, the 3-yr average of the fourth-highest daily maximum eight-hour average O3 concentrations measured at 
each monitor within an area over each year must not exceed 0.075 ppm. 

Air quality in Texas is defined with respect to conformity with the NAAQS.  The EPA and TCEQ classify 
geographic regions as having air quality better than or equal to (attainment) or worse than 
(non-attainment) these standards.  The Houston-Galveston-Brazoria (HGB) area, consisting of 
Montgomery, Liberty, Chambers, Galveston, Brazoria, Fort Bend, and Waller Counties, meets all of the 
EPA NAAQS, except for ozone.  Ozone levels in the HGB area are currently designated as being in 
severe non-attainment with the 8-hour ozone standard and, as a result, the area is under a state 
implementation plan (SIP) to meet the 8-hour ozone attainment by June 15, 2019. 

Carbon monoxide (CO) is a extremely reactive gas that can cause asphyxiation.  Because of its high 
reactivity, it does not persist in the air long after it is emitted, and therefore CO is a local problem where it 
occurs.  CO emissions are primarily from the combustion of fuel in gas emissions from motor vehicles, 
non-road vehicles, and non-road engines.  Emissions of CO from motor vehicles, non-road vehicles, and 
non-road engines are affected by both temperature and speed and may be roughly twice as high in winter 
months as in summer months.   

Carbon dioxide (CO2) is an inert, non-toxic gas that most animals produce in respiration and most plants 
absorb for photosynthesis and is also the main product of fuel combustion in motor vehicles.  At this 
writing, Federal motor vehicle regulations do not control CO2 emissions.  The April 2007 U.S.  Supreme 
Court ruling stated EPA did have jurisdiction to develop regulations governing these emissions, however.  
On May 14, 2007, President Bush issued EO 13432: “Cooperation among Agencies in Protecting the 
Environment with Respect to Greenhouse Gas Emissions from Motor Vehicles, Nonroad Vehicles, and 
Nonroad Engines.”  Although some states have enacted controls, Texas has not, and thus, CO2 
emissions are unregulated in the area of the Galveston Bay. 

  



3-119 

Environmental Impact Statement 
Luce Bayou Interbasin Transfer Project October 2012 

Volatile organic compounds (VOCs) in motorized vehicles, non-road vehicles, and non-road engine 
emissions are created by incomplete combustion.  Some of these VOCs contribute to O3 and smog 
formation, while others, such as benzene and formaldehyde, are toxic or carcinogenic.  Trucks and older 
cars emit much more VOCs than newer cars.   

Nitrogen oxides (NOx) are created inside the combustion chambers of motor vehicles.  When under high 
heat and pressure, nitrogen molecules in the air are split into reactive nitrogen atoms, which then 
combine with oxygen.  NOX also reacts with oxygen and VOCs in the atmosphere to form O3 and smog.  
Motor vehicles produce the least emissions of NOX per mile between 20 and 30 mph.  NOX emissions 
per mile increase as vehicles move slower or faster, so simply increasing or decreasing average traffic 
speed can increase NOX emission.   

PM consists of tiny particles that are emitted by vehicle engines (especially the diesel engines of trucks), 
brake pads, tires, and other moving parts of motor vehicles.  These particles contribute to smog and 
haze, and are dangerous to human health, especially to people with respiratory conditions.  The EPA 
provides health criteria for particles smaller than ten microns (about one-seventh the width of a human 
hair) and for particles smaller than 2.5 microns.   

VOCs from motor vehicles, industry, and other sources can combine with NOx in a series of 
photochemical reactions under certain conditions to form O3.  These reactions take place over a period of 
several hours and can result in high concentrations of O3 that are often far downwind from the precursor 
sources.  Determining the cause of O3 through modeling requires long-term meteorological data and 
detailed area-wide emission rates for all potential sources (industry, business, and transportation). 

3.14 Noise 
The Noise Control Act of 1972 (42 U.S.C. §4901) establishes a national policy to:  promote an 
environment for all Americans free from noise that jeopardizes their health and welfare… and 
…authorizes the establishment of Federal noise emission standards (EPA 2012).  The EPA has identified 
a day-night average sound level (Ldn) of 55 A-weighted decibels (dBAs) as the maximum sound level 
which would not adversely affect public health and welfare by interfering with speech or other activities in 
outdoor areas.  Sound is a physical phenomenon consisting of minute vibrations that travel through a 
medium, such as air, and are sensed by the human ear.  Noise is defined as an undesirable sound which 
interferes with communication, is intense enough to damage hearing, or is otherwise intrusive.  Noise is 
characterized by many variables including frequency, duration, and intensity.  Sound pressure level 
(SPL), described in decibels (dB), is used to quantify sound intensity. 

The dB is a logarithmic unit which expresses the ratio of an SPL to a standard reference level.  Hertz (Hz) 
are used to quantify sound frequency.  Sound levels are expressed either as instantaneous values or 
averaged over standard durations such as 1-hour, 8-hour and 24-hour periods.  Human hearing is less 
sensitive to low frequencies and extremely high frequencies, and most sensitive to mid-range 
frequencies.   

The most widely accepted method used to quantify sound for human receptors is to measure sound 
across a wide frequency spectrum and apply a weighting known as “A-weighting” to the individual dB 
value for each frequency interval.  The logarithmic sum of these values is known as the A-weighted sound 
level, expressed as dB A-weighted units, or dBA (i.e., equivalent constant dBA sound level (Leq) of the 
same duration).  Normal speech is typically about 60 dB sound level.  The ability to perceive changes in 
sound levels varies widely from person to person, as do individuals’ responses to perceived changes.  In 
general, a 3-dBA change in sound level is barely perceptible to most listeners.  A 10-dBA change is 
normally perceived as doubling (or halving) sound levels, and is considered a substantial change.  
Table 3-33 provides common sound sources and the approximate, related sound levels in dBA. 
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Table 3-33:  
Common Sounds Sources and Levels 

Outdoor Sound Level 
(dBA) Indoor 

Snowmobile 100 Subway train 

Tractor 90 Garbage disposal 

Noisy restaurant 85 Blender 

Downtown (large city) 80 Ringing telephone 

Freeway traffic 70 TV audio 

Normal conversation 60 Sewing machine 

Rainfall 50 Refrigerator 

Quiet residential area 40 Library 

Source: Harris 1998. 

Human response to sound varies depending on the sound type and characteristics, distance between the 
sound source and the receptor, receptor sensitivity, and time of day.  Sound can interfere with 
communication; awaken people from sleep; damage the ear; or affect wildlife.  Sound is often generated 
by activities essential to a community’s quality of life such as construction or vehicular traffic.  The human 
ear responds differently to different frequencies.  Sounds encountered during construction and their 
approximate dBA level about 50 feet from the sound source are provided in Table 3-34. 

Table 3-34:  
General Construction Equipment Sound Levels 

Equipment Typical Sound Level 
(dBA*) 50 feet from Source 

Air Compressor 81 

Backhoe 80 

Ballast Tamper 83 

Compactor 82 

Concrete Mixer 85 

Concrete Pump 82 

Concrete Vibrator 76 

Crane Mobile 83 

Dozer 85 

Generator 81 

Grader 85 

Impact Wrench 85 

Jack Hammer 88 

Loader 85 

Paver 89 

Pneumatic Tool 85 

Pump 76 
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Equipment Typical Sound Level 
(dBA*) 50 feet from Source 

Roller 74 

Saw 76 

Scarifier 83 

Scraper 89 

Shovel 82 

Truck 88 

*dBA – A-weighted decibels 
Source: Federal Highway Administration 2006. 

Many different metrics can be calculated to describe sound.  In addition to the A-weighted decibel (dBA), 
the metric for the day-night average sound energy in a 24-hour period with a 10-dB penalty added to the 
nighttime levels (10 p.m. to 7 a.m.) (DNL or Ldn) can be used to describe the sound environment.  DNL is 
a useful descriptor for sound because 1) it averages ongoing yet intermittent sound, such as aircraft 
over-flights, and 2) it describes total sound energy over a 24-hour period.  Studies on community 
annoyance to numerous environmental sound types show DNL correlates well with individual annoyance 
and community reaction to sound (FICON 1992).  DNL/Ldn has been used by several agencies such as 
the U.S. Department of Housing and Urban Development (HUD) and U.S. Air Force to determine sound 
compatibility with the existing land use. 

Sources with the potential to affect wildlife include aircraft over-flights; recreational activities like motor 
boating and snowmobiling; domestic sources such as leaf blowers, lawnmowers and chainsaws; 
automobile traffic; and heavy machinery and equipment.  Responses vary among wildlife species and 
among individuals ina particular species, although the problems are similar to those found in humans.  
Increased noise levels mask sounds used by wildlife for communication (e.g., they mask babies 
squeaking which parents use to locate their young or calls used to locate a mate).  Behavioral and 
physiological responses have a potential to cause injury, energy loss (from movement away from the 
noise source), decreased food intake, habitat avoidance and abandonment and reproductive losses. 

The EPA published Information on Levels of Environmental Noise Requisite to Protect Public Health and 
Welfare with an Adequate Margin of Safety (USEPA 1974).  This publication evaluates environmental 
noise impacts with respect to health and safety.  The document provides information to help agencies 
develop noise standards and regulations.  EPA recommends DNL should not exceed 55 dBA to protect 
public welfare.  However, this document also outlines other requirements that should be balanced to 
achieve the outlined 55-dBA goal.  These other requirements include cost, technological feasibility and 
other public safety issues.   

In June 1980, a Federal Interagency Committee on Urban Noise published guidelines (FICUN 1980) 
relating DNL to compatible (and incompatible) land uses.  Since these guidelines were issued, federal 
agencies have generally adopted the aircraft-related noise analyses.  Although these guidelines are not 
mandatory, they are the most accepted criteria used to assess noise impacts in areas surrounding 
airports.  In general, residential land uses are not compatible with an outdoor DNL above 65 dBA.  The 
Aviation Safety and Noise Abatement Act of 1979 established provisions for submitting noise exposure 
maps and noise compatibility programs to reduce existing non-compatible lands uses and prevent 
introducing additional non-compatible uses. 

Texas does not regulate noise at the state level.  Local ordinances have been established instead to 
regulate noise (re:  Dayton Noise Ordinance).  The zoning ordinance for Houston outlines noise 
guidelines for the development in Harris County and the Houston ETJ. 
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3.14.1 Human Noise Sensitive Receptors 
Noise-sensitive receptors are locations or areas where excessive noise may disrupt normal activity, cause 
annoyance, business loss or disturb sensitive ecological habitats.  Land uses such as residential, 
religious, educational, recreational and medical facilities are more sensitive to increased noise levels than 
are commercial and industrial land uses.   

As discussed in Section 2, one proposed pump station and one existing pump station will divert up to 450 
MGD from the lower Trinity River as part of the LBITP.  The proposed CRPS will provide water to Lake 
Houston under Alternatives 3A and 4 and Alternative 6 will use the existing TRPS.  Background noise is 
always present and includes noise caused by wind moving through the trees, water running in the river, 
streams, and canals, bird calls and barking dogs.  Sound levels produced in urban areas include typical 
urban residential noise from outdoor family activities, cars traveling to and from work, and recreational 
activities; and typical agricultural and commercial activities such as sounds generated by delivery trucks, 
agricultural equipment operation and warehouse operations. 

3.14.1.1 Alternative 3A 
The area surrounding Alternative 3A is mixed with rural and residential, agricultural and recreational land 
uses Figure 3.9-1a through Figure 3.9-1c).  Alternative 3A ROW’s western part includes residential and 
commercial areas with some recreational use adjoining the Lake Houston shoreline; the central portion 
primarily has agricultural land; and the eastern portion has rural and residential development on large 
lots.   

3.14.1.2 Alternative 4 
Land use in Alternative 4’s vicinity includes undeveloped, agricultural, residential, and forested lands 
(Figure 3.9-3a through Figure 3.9-3d).  Figure 3.9-4a through 3.9-4d shows the location for the parcels 
and the proposed Alternative 4 ROW alignment.  Much of Alternative 4’s northern portion is undeveloped 
and/or farmland; however, as it nears CR 615, the project crosses through residential properties.  Near 
the western terminus near Lake Houston there is residential area with a Union Pacific RR crossing. 

3.14.1.3 Alternative 6 
Land use in Alternative 6 vicinity includes undeveloped, agricultural, residential, and forest lands 
(Figure 3.9-5a through Figure 3.9-5d).  Alternative 6 begins at the Trinity River, east of FM 1409, and 
traverses west towards Lake Houston and crosses FM 1409, SH 146, West Prong Old River, the Union 
Pacific RR, Cedar Bayou, US 90, the Union Pacific RR, and FM 2100.  Alternative 6 travels through 
undeveloped land, commercial properties, industrial areas and some residential and forested lands. 

3.14.1.4 Noise Study 
After an agency consultation, a noise study was conducted in 2009 (see Appendix F).  The main noise 
source, besides noise generated during construction, was determined to be operating the pump station.  
To determine the noise level from an operating CRPS, a noise test was performed at the Trinity River 
pump station.  The Trinity River pump station was run at full capacity (four pumps running at once).  The 
noise was estimated from integrated noise levels (Leq) at three locations in 15 minutes intervals.   

3.14.2 Ecological Noise Sensitive Receptors 

3.14.2.1 Alternatives 3A 
In the area of the Alternative 3A near the planned CRPS there are documented areas of riparian forest 
which provides fishing and nesting habitat for Bald Eagles (Halieaeetus leucocephalus) and other raptors, 
and many species of other wildlife.  The Bald Eagle is no longer listed an endangered species under the 
Endangered Species Act but it still protected by the Bald and Golden Eagle Act and the Migratory Bird 
Act, and is still listed as threatened by TPWD.  
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During resource agency coordination questions were raised about the effects of the pump noise on the 
surrounding wildlife population, especially Bald Eagles.  Noise events can affect birds by repelling or 
starling them, causing them to leave their nests or roosting area.  Birds are likely to avoid loud constant 
noise (i.e., over 90 dB) or be startled by sudden, distinct noise events (i.e., approximately 30 dB over 
background level).  However, birds would typically ignore a constant noise source in a small amount 
(i.e., approximately 10 dB) over the background level.   

3.14.2.2 Alternatives 4 
In the area of the Alternative 4 near the planned CRPS there are documented areas of riparian forest 
which provides fishing and nesting habitat for Bald Eagles (Halieaeetus leucocephalus) and other raptors, 
and many species of other wildlife.  The Bald Eagle is no longer listed an endangered species under the 
Endangered Species Act, but it still protected by the Bald and Golden Eagle Act and the Migratory Bird 
Act, and is still listed as threatened by TPWD.  

During resource agency coordination questions were raised about the effects of the pump noise on the 
surrounding wildlife population, especially Bald Eagles.  Noise events can affect birds by repelling or 
starling them, causing them to leave their nests or roosting area.  Birds are likely to avoid loud constant 
noise (i.e., over 90 dB) or be startled by sudden, distinct noise events (i.e., approximately 30 dB over 
background level).  However, birds would typically ignore a constant noise source in a small amount (i.e., 
approximately 10 dB) over the background level.   

3.14.2.3 Alternative 6 
For the Alternative 6, the project will use the existing TRPS.  The Noise Study conducted in 2009 at the 
TRPS (see Appendix F) showed no increased noise therefore, noise events can affect birds by repelling 
or starling them, causing them to leave their nests or roosting area.  Birds are likely to avoid loud constant 
noise (i.e., greater than 90 dB over baseline noise levels) or be startled by sudden, distinct noise events 
(i.e., approximately 30 dB over background level).  However, birds would typically ignore a constant noise 
source in a small amount (i.e., approximately 10 dB) over the background level.   

3.15 Historic and Archeological Resources 
Cultural resources are structures, buildings, archeological sites, districts (a collection of related structures, 
buildings, or archeological sites), cemeteries, and objects.  Both federal and state laws require 
consideration of cultural resources during project planning.  At the federal level, NEPA and the National 
Historic Preservation Act (NHPA) of 1966 are applicable.  In addition, state laws such as the Antiquities 
Code of Texas also apply and consultation with the Texas Historical Commission/Texas State Historic 
Preservation Officer has occurred to determine the project’s effects on cultural resources.  Review and 
coordination of this project has occurred in accordance with cultural resource protection compliance 
procedures. 

The method of analysis for historic and archeological resources within the study area included review of 
previously conducted cultural resources survey reports (Chaffin-Lohse 1978; Moore and Heartfield 1982), 
review of the online Texas Historical Commission (THC) Atlas to identify the location of historic markers, 
review of the listing of National Register of Historic Places properties to determine listings of the National 
Register that would include historic districts and cemeteries.  GIS shapefiles were also obtained from 
THC and the files were reviewed to determine whether mapped cultural or archeological resources were 
present in the vicinity of the proposed alternatives (Figure 3.15.2-1a through Figure 3.15.2-1c). 

3.15.1 Indian Trust Assets 
No Indian Trust assets have been identified in the vicinity of the ROW for Alternatives 3A, 4 and 6 by the 
Corps of Engineers staff. 
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3.15.2 Historic Resources 
During initial project planning, licensed historians conducted a records search of the study area in May 
and June 2007.  Repositories consulted included a variety of national, state, and local lists of historic site 
designations to identify any previously documented non-archeological historic resources in the study 
area.  Specifically, the project historians reviewed the following: 

 The National Register of Historic Places (NRHP) 

 THC Texas Historic Sites Atlas 

 THC State Archaeological Landmarks Structure list (SAL) 

 THC Recorded Texas Historic Landmarks list (RTHL) 

 THC Local Survey Files 

 Official Texas Historical Markers (OTHM) 

 Texas Department of Agriculture Family Land Heritage Farm list 

A review was made of secondary sources to gain a general knowledge of the area’s historical 
background. Historic city, county, and state maps were reviewed for locations of historic-age resources.  
The study area is not included in any Sanborn Fire Insurance Maps or city directories.  Chambers, Harris, 
and Liberty County General Highway Maps were consulted for locations of farmsteads, canals, and other 
historic-age resources (1940, 1961 Texas State Department of Highways) within the study areas.  The 
Non-Archeological Historic Resources survey was also conducted during early planning studies to identify 
and, if possible avoid, any historic-age resources that were listed, recorded, or recommended eligible for 
listing in the NRHP.  Project historians, using historic contexts as a guide, searched for accessible and 
visible historic-age properties within the study area of potential effect (APE) and ROW that might be 
individually substantial or contribute to the significance of a historic district.  Historians recorded historic-
age resources in the proposed project APE for various project alignments but did not initially record 
resources that could not be seen from the ROW or in areas without right-of-entry.  While most structures 
could be viewed and evaluated under these circumstances, some structures, such as canals, could not 
be thoroughly documented and evaluated. 

The Secretary of the Interior’s guidelines that prescribes that resources be 50 years of age or older for 
consideration for NRHP eligibility were also integrated into the historical resources analyses.  The term 
“historic-age resource or historic-age property”, as it is used in this report follows the 45-year cut-off 
guidelines and the projected construction let date is 2017.  Historians reviewed historic maps of project 
area counties to identify locations of non-archeological historic resources. 

3.15.2.1 Alternative 3A 
Previous cultural resources survey reports were reviewed to identify cultural resources, including historic 
resources, within the Alternative 3A ROW (Chaffin-Lohse 1978; Moore and Heartfield 1982).  These 
studies were performed for the initial Luce Bayou project that was under development during the time 
period from 1978 to 1982.  Based on this review of THC files, no potentially significant previously 
recorded historic places; however, based on site-specific investigations conducted, two new historic 
period sites have been identified within the area of potential effect of the Alternative 3A ROW 
(Appendix G).  The two areas of potential historic significance are located east of FM 2100 in Huffman, 
Texas and at the Huffman/May property.  The original Huffman land grant dates from 1839, the Republic 
of Texas period.  Historic-period artifacts are present in the vicinity of a large live oak tree of potential 
historical significance within the homestead area on the May property.  After discovery, the alignment of 
the Alternative 3A ROW was moved to avoid the May property and the historic-period artifacts 
discovered. 

In terms of potential historic resource evaluations for Alternative 4 and 6, site-specific studies were not 
conducted; however, data maintained by TARL, curated USGS topographic maps, the 1936 Harris 
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County General Highway Map, and Google Earth historical imagery were reviewed by licensed 
archeologists to determine whether the proposed alignments would be present within already identified 
historic resource areas. 

3.15.2.2 Alternative 4 
In addition to the investigation conducted as described above, a review of Texas Sites Atlas electronic 
records of the Texas Historical Commission was also conducted.  This review indicated that no previously 
recorded prehistoric or historical sites are located within the Alternative 4 ROW alignment.  However, it 
should be noted that there have been few historic resources surveys have been conducted in the 
Alternative 4 ROW area and no review for historic farms was conducted. 

3.15.2.3 Alternative 6 
A review of Texas Sites Atlas electronic records of the Texas Historical Commission was conducted.  This 
review indicated that no previously recorded prehistoric or historical sites are located within the 
Alternative 6 ROW alignment.  However, it should be noted that there have been few historic resources 
surveys have been conducted in the Alternative 6 ROW area and no review for historic farms was 
conducted. 

3.15.3 Archeological Resources 
The prehistory of Texas spans at least 13,000 years from at least 11,500 B.C. to the time of the European 
contact in the seventeenth century.  The periods of Texas’ prehistory are divided into three broad periods; 
Paleoindian, Archaic, and the Late Prehistoric. 

3.15.3.1 Paleoindian (11,500 B.C. – 6,000 B.C.) 
The Paleoindian period represents the earliest known occupation in the East Central Texas.  People 
during this period relied on mega fauna (predominantly mammoth and Bison antiquus) as well as 
broader-based hunting and gathering for their subsistence needs.  Paleoindian artifacts included 
distinctive lanceolate projectile points, side scrapers, end scrapers, gravers, modified flake tools, and 
drills.  These tools are sometimes found associated with the remains of extinct mega fauna species.  
Typically, Paleoindian sites are located near playa lakes and relict streambeds or along small rises and 
ridges.  These sites are usually ephemeral, however, and may be difficult to recognize.  Differences in 
topographic settings and artifact and faunal assemblages have led archaeologists to interpret Paleoindian 
sites in terms of function classes, based on the activities inferred to have taken place there.  Typical site 
types of this period include campsites, kill sites, processing sites, and quarry sites.  During the 
Paleoindian period, the climate was vastly different than it is today.  It has been marked by continuous 
environmental change over several thousand years.  During the earlier phases, the environment was 
wetter and cooler.  Throughout the course of the Paleoindian period, the climate became increasingly arid 
with greater seasonal variation.  These conditions resulted in shifting vegetation patterns and faunal 
extinctions, which, in turn, affected Paleoindian subsistence strategies, settlement patterns, and lithic 
technologies. 

3.15.3.2 Archaic (6,000 B.C. – 700 A.D.) 
The Archaic period, lasting some 5,000 to 6,000 years, is ascribed more longevity than other prehistoric 
cultural periods. Despite the fact that many sites in East Central Texas have been assigned to the Archaic 
period, relatively little is known about this time period.  Subsistence adaptations, during the Archaic 
period, are thought to have generally changed from a reliance on big game hunting to a more broad-
based hunting and foraging strategy. Archaic period occupations are distinguished from earlier and later 
occupations by side- and corner-notched projectile points, bifaces, flake scrapers, and drills.  These sites 
typically consist of lithic and fire-cracked rock scatters that are often situated in areas that overlook 
drainages. 
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3.15.3.3 Late Prehistoric (700 A.D. to Historic Period) 
Beginning sometime between A.D. 600 and 900 and continuing to as late as A.D. 1550, the archeological 
record of southeastern East Central Texas reflects increasing regional and interregional variability.  Also 
during this period several technological developments occurred, namely the development of the bow and 
arrow, ceramics, and other distinctive types of stone tools.  These developments marked a change of this 
period from the preceding Archaic.  Cultural identifiers during the Late Historic Period include material 
culture, and hunting patterns.  Settlement patterns included sedentary villages, and ceremonial centers.  
Social-cultural features included an established social hierarchy.  One distinctive aspect of the Late 
Prehistoric was widespread, long-distance trade. 

3.15.3.4 Alternative 3A 
The Potential Archeological Liability Map (PALM) developed by the Houston District of TxDOT that 
includes Alternative 3A were used during initial assessment activities to evaluate and avoid, as possible, 
identified or potential archeological resources.  The qualitative predictive model of prehistoric site location 
and patterns of historic settlement have been derived by the Alternative 3A ROW based on procedures 
used to generate the TxDOT Houston District PALM.  Refined mapping of generated PALM data from 
TxDOT has resulted in the development of high, moderate, and low probabilities for the presence of 
cultural resources in the vicinity of the project (Figure 3.15.3-1a through Figure 3.15.3-1c).  In 
accordance with the National Historic Preservation Act of 1966 (as amended) and other laws and 
regulations, it was recommended that detailed site investigations be conducted to identify potential project 
impacts to cultural resources within the area of affect of the Alternative 3A ROW.  Pedestrian surveys in 
the high probability areas have been conducted for the Alternative 3A ROW (see Appendix G).  In-depth 
investigations were conducted to identify and evaluate the presence of archeological and historical 
resources within the Alternative 3A ROW in accordance with the technical investigation protocols 
stipulated by the THC permit issued for the Alternative 3A ROW.  Archeological resources were first 
evaluated at a reconnaissance-level along the lower Trinity River and at the proposed Capers Ridge 
Pump Station.  Initial archeological investigations were based on predictive modeling and identification of 
recorded archeological sites within the Alternative 3A ROW.  Site-specific investigations and available 
literature has documented archeological resources and identified methods to avoid and preserve these 
resources.   

Six archaeological sites containing archaeological artifacts, such as historic ceramics, glass, wire, and 
metal fragments, were identified based on the work performed in 1978 (Chaffin-Lohse 1978).  Three of 
the sites were disturbed prior to the 1978 investigation.  No further work was recommended for these 
sites and recommendations were made to avoid two of the sites.  The previous alignment of the 
Luce Bayou project at the time of the 1978 study avoided these sites.  As investigations have continued, 
one site was recommended for further excavations.  Site 41-LB-41 was investigated further in 1981 and 
1982 (Moore and Heartfield 1982).  This study concluded that the site should not be considered 
significant and was not eligible for a State Archaeological Landmark (SAL) status or for inclusion on the 
National Register of Historic Places.  This site, situated at the Capers Ridge Pump Station, had already 
been overwhelmingly destroyed by normal and natural erosion processes.   

Field investigations conducted in consultation with the Archeology Division of THC and the USACE 
Galveston District have supplemented the described research and raised the level of the field survey to 
that of a 100 percent intensive pedestrian survey conducted in 2012.  Archeological investigations for 
prehistoric resources on the Applicant’s proposed mitigation property have recently been conducted and 
concluded (Appendix G).  These investigations included excavation of 1,046 shovel tests and 
44 backhoe trenches.  Backhoe trenching conducted both within and between the previously identified 
sites failed to locate any additional archeological sites, but successfully confirmed the initial NRHP 
significance evaluations made on the basis of shovel test data alone.  Previously identified sites located 
along Capers Ridge have merged into larger sites, and at one or more of these locations, areas of 
possibly significant deposits have been identified, although these are few in number and localized in 
extent.  Given the knowledge of the terrain, the general character of sites in the upland margin landform 
and the erosion and disturbance in the area associated with its logging and agricultural history, it is 
probable that intact areas of potential significance will be small in size, making it possible for the 
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Alternative 3A ROW to avoid those areas.  Prehistoric sites in sandy soils are easily disturbed by tree fall 
and extensive animal burrowing.  It was expected that many of the identified archeological sites would not 
exhibit the characteristics that would justify further investigations.  Supplemental field work via the 
aforementioned backhoe trenching and data review was performed and the information from trenching 
confirmed previous site assessments. 

The completion of the backhoe portion of the survey investigation, and therefore the completion of the 
100 percent intensive pedestrian survey for the Alternative 3A ROW, confirmed each of the site 
assessments made at the conclusion of shovel testing of accessible properties, finding no additional sites.  
The results of this backhoe testing program concludes that the previously identified sites 41LB42, 
41LB97, 41LB99, 41LB103, 41LB104, 41LB112, and 41LB117 exhibit research potential and thus would 
likely be eligible for the NRHP. 

For Alternatives 4 and 6, the study area was also assessed with respect to the following hierarchy of 
environmental factors that combine to make a locality attractive for prehistoric settlement within the 
region.  The factors in combination constitute a set of settlement rules that define good locations for 
prehistoric campsites (Moore 1996).  These include preferences for the following: 

 Site locations in forested environments 

 Site locations in the floodplain or on the floodplain/upland margin 

 Site locations in proximity to sources of potable water 

 Site locations on well-drained, loamy soils 

 Site locations on topographic high points 

 Site locations on geologic terraces in watersheds with broad 100-year floodplains 

These floodplain terraces may range from 300-3,500 feet in width and may be of Late Pleistocene age or 
younger and present a good settings for the discovery of cultural remains as much as 10,000-12,000 years 
old. 

 Site locations on the upland/floodplain margin typified by soils of the Lissie and Beaumont formations 
that slope to streams with broad floodplains. 

The geologically older surfaces of the Lissie and Beaumont Formations, including the upland margins, may 
also present potentially good settings for prehistoric remains.  Finally, the association with sources of water 
has been demonstrated to be a dominant factor affecting the probability of prehistoric sites in southeast 
Texas.  Most potential archeological sites within the region are found within 1,000 feet of a current or former 
source of natural potable water.  

3.15.3.5 Alternative 4 
Alternative 4 extends for a total of approximately 23.9 miles from the Capers Ridge area on the Trinity 
River, to Lake Houston, at a point south of the community of Huffman.  Evaluation for archeological 
resources was made for Alternative 4 and an initial assessment for the potential presence of 
archeological resources conducted through development of conservative PALM maps generated 
(Figure 3.15.2-2a through Figure 3.15.2-2d).  In addition, archeological resource data collection from the 
THC was conducted through the Texas Archeological Research Laboratory (TARL).  Although these data 
are not for public distribution, the records compiled were reviewed to determine the presence and location 
of recorded sites within the Alternative 4 ROW, including the 0.5 mile buffer zone. 

Alternative 4 ROW alignment does not appear to cross any major streams, though each of its termini are 
located in high probability upland areas (the eastern high probability area was included in the Alternative 
3A survey).  Alternate 4 ROW alignment is located on Sheet 37 of the Soil Survey of Harris County, 
Texas (Wheeler 1976), and on Sheets 29, 30, 34, 39, and 40 of the Soil Survey of Liberty County, Texas 
(Griffith 1996).  Approximately 67 percent of the alignment is located within the low probability soil 
associations consistent with the methodology described above based on the TxDOT Houston PALM, 
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while 33 percent crosses areas of moderate to high potential for the presence of archeological resources 
(almost all of the moderate to high probability areas on this route are addressed by the Alternative 3A 
ROW) based on the limited preliminary study conducted. 

3.15.3.6 Alternative 6 
Alternative 6 extends for a total of approximately 21.7 miles, from the Gordon Lake area on the Trinity 
River, to the southern end of Lake Houston near the community of Newport.  Evaluation for archeological 
resources was made for Alternative 4 and an initial assessment for the potential presence of 
archeological resources conducted through development of conservative PALM maps generated (see 
Figure 3.15.2-3a through Figure 3.15.2-3d).  In addition, archeological resource data collection from the 
THC was conducted through the TARL.  Although these data are not for public distribution, the records 
compiled were reviewed to determine the presence and location of recorded sites within the 
Alternative 6 ROW, including the 0.5 mile buffer zone.   

The Alternate 6 alignment is located on Sheets 50 and 61 of the Soil Survey of Harris County, Texas 
(Wheeler 1976), and on sheets 50 and 61 of the Soil Survey of Liberty County, Texas (Griffith 1996).  Soil 
associations located with the Alternative 6 alignment are the same set of associations included in the 
Alternate 4 alignment.  Approximately 68 percent of the alignment is located within the low probability 
associations while 32 percent of the Alternative 6 ROW crosses areas of moderate to high potential for 
the presence of archeological resources based on the limited preliminary study conducted.   

3.15.4 Hazardous Waste and Materials  
In general, hazardous materials and hazardous waste include substances that, because of their quantity, 
concentration, or physical, chemical, or infectious characteristics, may present substantial danger to the 
public health, welfare, or the environment when released.  Hazardous materials and hazardous waste are 
defined by a number of acts, laws, and regulations.  The EPA regulates hazardous chemicals, 
substances, and wastes under the Resource Conservation and Recovery Act (RCRA), the 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), and the 
Toxic Substances Control Act.  Underground Storage Tanks (USTs) containing regulated substances, 
including petroleum products and those hazardous substances included in CERCLA are subject to the 
requirements of RCRA Subtitle I.   

Comprehensive Environmental Response, Compensation and Liability Act of 1980 (CERCLA or 
Superfund), 42 U.S.C. §9601 – This Act provides a “Federal “Superfund” to clean uncontrolled or 
abandoned hazardous-waste sites as well as accident, spills, and other emergency  releases of pollutants 
and contaminants in to the environment” (EPA 2012). 

Resource Conservation and Recovery Act (RCRA) of 1976, 42 U.S.C. §6901 – The RCRA , which 
amended the Solid Waste Disposal Act (1965), provides a system for the safe management of solid and 
hazardous waste; including generation, transportation, treatment, storage, and disposal of hazardous 
waste (EPA 2012). In addition, the RCRA authorizes the EPA to regulate USTs. Under the cleanup 
enforcement program, managed by RCRA, a facility owner and/or operator may conduct the cleanup 
activities themselves or pay for the cleanup to be conducted by another party (EPA 2012).  The EPA will: 
1) enforce the cleanup requirements in the facility’s operating permit; 2) negotiate a cleanup agreement 
with the facility; or 3) issue a corrective action order to the facility. 

Toxic Substances Control Act of 1976 (TSCA), 15 U.S.C. §2601– This Act authorizes the EPA to “require 
reporting, record-keeping, and testing requirements and restrictions relating to chemical substances 
and/or mixtures” (EPA 2012).  This Act addresses the production, importation, use, and disposal of 
specific chemical substances such as polychlorinated biphenyls (PCBs), asbestos, radon, and lead-based 
paint. 

Tanks used to store hazardous wastes are regulated under RCRA’s hazardous waste regulations.  Texas 
has an approved UST program, meaning owners and operators of USTs systems are subject to both 
Federal and state requirements.  No single comprehensive regulation governs aboveground storage 
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tanks.  Federal laws that regulate aboveground storage tanks include the CWA, the Oil Pollution Act 
(OPA), the Clean Air Act, and RCRA.  The specific regulatory requirements depend on the substances 
contained in the tanks. 

Available hazardous waste and regulated facility records from the EPA and TCEQ websites were 
obtained as well as the Closed Municipal Solid Waste Landfill Inventory (CMSWLI) maintained by the 
HGAC.  These records were reviewed to determine whether regulated facilities are present within the 
ROW of the proposed alternatives.   

3.15.4.1 Alternative 3A 
A records review and Phase I ESA (Environmental Site Assessments) was performed for Alternative 3A.  
The Phase I ESAs were performed at properties identified for purchase or acquisition along the 
Alternative 3A ROW.  No contaminants were discovered during these investigations.  The soils in the 
vicinity of Alternative 3A were not expected to be contaminated.  Excavated material would be used 
during construction of berms and maintenance roads.  The proposed Alternative 3A canal would be a 
clay-lined structure.  Clean clay material, if needed for the construction of the canal, would be imported 
during construction.  Sanitary sewage may be generated during construction by workers.  Portable toilets 
would be installed for use and periodically maintained with waste hauled off-site for treatment.  A septic 
tank would be constructed at the proposed CRPS and at the SH 321 maintenance facility to handle, treat, 
and dispose of sanitary wastewater.  The septic tank and associated drain-field would be constructed 
according to Liberty County regulations. 

No structures are located in the proposed Alternative 3A ROW with the exception of a communications 
tower that would be relocated to another pad site outside the proposed ROW.  Culverts or similar 
concrete or chemically inert structures that may be used during construction may be reused or disposed 
of in a registered solid waste landfill.  

A TCEQ records review of Municipal Solid Waste Sites/Landfills, Superfund Sites, Superfund Site 
Boundaries, and Permitted Industrial and Hazardous Waste Sites identified a Municipal Solid Waste 
Site/Landfill located at the far west end of the project, approximately 500 feet from the project area. 

3.15.4.2 Alternative 4 
Two permitted Industrial and Hazardous Waste Sites are located north of the Alternative 6 ROW, 
approximately 2,500 feet from the project area.  A Municipal Solid Waste Site/Landfill and Superfund Site 
Boundary are also located north of the Alternative 6 ROW; it is greater than 5,000 feet from the project 
area (Figure 2-32). 

3.15.4.3 Alternative 6 
Two permitted Industrial and Hazardous Waste Sites are located north of the Alternative 6 ROW, 
approximately 2,500 feet from the project area.  A Municipal Solid Waste Site/Landfill and Superfund Site 
Boundary are also located north of the Alternative 6 ROW; it is greater than 5,000 feet from the project 
area (Figure 2-32).  

3.15.5 Visual and Aesthetic Resources  
Title 23 of the United States Code, Section 109(h), requires aesthetic values to be considered during 
project development.  The Council on Environmental Quality regulations for implementing NEPA 
(Section 1508.8 – Effects), states that aesthetic effects should be considered.  Visual and aesthetic 
environments are the natural and cultural features of the landscape that can be seen and that contribute 
to the public’s appreciation and enjoyment of the environment.  The visual environment encompasses 
elements from both the built and natural environments.  These can include solitary built and natural 
landmarks (such as buildings and trees, bodies of water, and corridors) or entire landscapes.  Visual 
resources are evaluated in terms of “visual dominance” and “visual sensitivity.”   
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The study area for visual resources consists of the viewsheds of the geographic area of the proposed 
Alternatives.  Viewsheds are the areas from which facilities or construction activities could be viewed.  In 
general, the viewsheds for most projects encompass the foreground viewing distance (within 2,500 feet of 
the viewer), but this can vary depending upon elements in the landscape (such as terrain, vegetation, 
buildings) that serve to limit the public’s line of sight. 

3.15.5.1 Alternative 3A 
Existing visual resources in the Alternative 3A ROW can be viewed both from a person traveling through 
the Alternative 3A ROW (roads and waterways) as well as from the residents and/or farm/ranchers whose 
view is of the pipeline and/or canal.  The Alternative 3A ROW overall is disturbed due to previous 
development, farming, ranching, oil and gas, and silviculture activities.  Existing pipelines and canals are 
generally at- or below-grade (pipeline) or slightly above grade (existing irrigation and drainage canals and 
ditches).  The following discussion characterizes the visual resources within the Alternative 3A ROW. 

No unique aesthetic vegetation, unique natural rock structures, designated scenic areas, parks, statues, 
historic features and buildings, or administrative sites were identified in the vicinity of the proposed 
Alternative 3A ROW.  Potential aesthetic resources within the Alternative 3A ROW include water features, 
roadways, bridges and residences.  Water features include the Trinity River, Luce Bayou, a portion of 
Cedar Bayou, and Lake Houston.  Roadway, pipeline, and bridge crossings include those at SH 321, 
FM 1008, and FM 2100. 

The Alternative 3A ROW intersects SH 321 and FM 1008 north of the City of Kenefick, Texas.  
Residential subdivision development construction is prominently noted north and south of the 
Alternative 3A ROW in the vicinity of SH 321.  Some areas of forest vegetation are visible east of the 
crossing; however, no unique aesthetic vegetation or natural structures are identified.  At FM 1008, the 
Alternative 3A ROW is forested to the east and west; however, there is evidence of impending 
development including residential development to the south of the existing roadway crossing.  The 
FM 1008 roadway is less than 150 feet in width and the viewshed includes the roadway ROW and 
adjacent development in this area. 

South of Dayton, Texas, the view along FM 1960 traveling east-west consists of expansive vistas of open 
rural areas and improved pastureland.  Fences and other range improvement structures are visible from 
the roadway.  The Alternative 3A ROW to the east of Lake Houston and south along FM 2100 is forested.  
However, there is evidence of impending development including subdivision construction and commercial 
strip development.  The FM 2100 roadway is less than 150 feet in width and the viewshed includes the 
roadway ROW and adjacent development.  The discharge structure of the Alternative 3A ROW into Lake 
Houston is also forested, with portions of wetland vegetation present on both banks. 

Segments of the Alternative 3A ROW would transverse properties established as pastureland or used for 
agriculture.  Fences and other land improvements are present and detract from the local aesthetic value.  
Segments of the Alternative 3A ROW either transverse or border forested areas or cross canals, streams 
or creeks.  These areas consist of deciduous trees, evergreen trees, or a mixture of both. 

Existing pipelines and canals are present in the Alternative 3A ROW vicinity and are generally 
unobtrusive since they are either at-grade (pipelines) or slightly above grade (canals).  There are no 
existing elevated structures within the Alternative 3A ROW. 

Figure 3.17-1 is an index map with the location of photographs taken to illustrate the area of investigation 
and typical examples of the existing aesthetic resources within the Alternative 3A ROW including the 
proposed CRPS and the Luce Bayou at Lake Houston discharge location. 

3.15.5.2 Alternative 4 
In order to assess the viewshed for Alternative 4, once it moves southwest from the Alternative 3A 
alignment, the project team traveled the existing roadway network to determine how the viewshed may or 
may not be impacted by the proposed project.  The northern portion of the study area is rural and 
comprised of undeveloped timber or agricultural property. 
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Segments of the Alternative 4 ROW near the northern section would transverse properties established as 
pastureland or used for agriculture.  Fences and other land improvements are present and interrupt the 
line of sight for the viewshed.  Segments of the Alternative 4 ROW either transverse or border forested 
areas or cross canals, streams, or creeks.  These areas consist of deciduous trees, evergreen trees, or a 
mixture of both. 

As Alternative 4 nears Huffman, west of Dayton, the viewshed changes to a more suburban framework.  It 
contains commercial and retail uses as well as a mix of residential uses and continues this trend as it 
approaches Lake Houston, where there is more developmental density.  The viewshed in this part of the 
project is typical of a suburban nature, since it is near a major highway, FM 1960.  There are linear 
shopping centers, gas stations, single-family residential as well as multi-family residential properties.   

Existing pipelines and canals are present in the Alternative 4 ROW vicinity and are generally unobtrusive 
since they are either at-grade (pipelines) or slightly above grade (canals).  There are no existing elevated 
structures within the Alternative 4 ROW. 

Figure 3.17-2 is an index map with the location of photographs taken to illustrate the area of investigation 
and typical examples of the existing aesthetic resources within the Alternative 4 ROW. 

3.15.5.3 Alternative 6 
The project team utilized the highway network near Alternative 6 to establish the viewshed and ascertain 
the impacts to the visual and aesthetic resources.  On the eastern end of the alignment the viewshed is 
comprised of large undeveloped and agricultural tracts of land with some ranching and residential.  It 
crosses some significant natural features such as the Old River and Cedar Bayou. 

Segments of the Alternative 6 ROW near the eastern section would transverse properties established as 
pastureland or used for agriculture.  Fences and other land improvements are present and interrupt the 
line of sight for the viewshed.  Segments of the Alternative 6 ROW either transverse or border forested 
areas or cross canals, streams or creeks.  These areas consist of deciduous trees, evergreen trees, or a 
mixture of both. 

As the Alternative 6 ROW alignment approaches the city of Crosby and Lake Houston, the viewshed 
shifts dramatically into a highly suburbanized setting.  There are significant retail centers and linear 
shopping centers, commercial businesses and large-scale residential subdivisions.  Existing pipelines and 
canals are present in the Alternative 6 ROW vicinity and are generally unobtrusive since they are either 
at-grade (pipelines) or slightly above grade (canals).  There are no existing elevated structures within the 
Alternative 6 ROW. 

Figure 3.17-3 is an index map with the location of photographs taken to illustrate the area of investigation 
and typical examples of the existing aesthetic resources within the Alternative 6 ROW. 
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Photo 3-1:  
Near Proposed LBITP Capers Ridge Pump Station Looking Northeast 

 
 

Photo 3-2:  
Near Proposed LBITP Capers Ridge Pump Station Looking South 
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Photo 3-3:  
Intersection of Alternative 3A ROW and County Road (CR) 2326 Looking Northeast 

 

Photo 3-4:  
Intersection of Alternative 3A ROW and CR 2326 Looking Southwest 
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Photo 3-5:  
Intersection of Alternative 3A ROW and FM 1008 Looking Southwest 

 

 

Photo 3-6:  
Intersection of Alternative 3A ROW and FM 1008 Looking Southwest 
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Photo 3-7:  
Intersection of Alternative 3A ROW and SH 321 Looking East 

 

Photo 3-8:  
Intersection of Alternative 3A ROW and SH 321 Looking West 
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Photo 3-9:  
Alternative 3A ROW and Parcel 28 at Stoesser Farms Inc. Reservoir Looking South 

 

Photo 3-10:  
Alternative 3A ROW and Parcel 37.5 Stoesser Farms Inc. Looking East 
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Photo 3-11:  
Intersection of Alternative 3A ROW and CR 624 (Wolf Road) near Huffman, Texas 

Looking South 

 

 

Photo 3-12:  
Intersection of Alternative 3A ROW and CR 624(Wolf Road) near Huffman, Texas 

Looking North 
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Photo 3-13:  
Intersection of Alternative 3A ROW and Willy Lane (Scott Road) near Huffman, Texas 

Looking East 

 

Photo 3-14:  
Intersection of Alternative 3A ROW and Willy Lane (Scott Road) near Huffman, Texas 

Looking West 
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Photo 3-15:  
Intersection of Alternative 3A ROW and FM 2100 near Crosby, Texas 

Looking East 

 

Photo 3-16:  
Intersection of Alternative 3A ROW and FM 2100 near Crosby, Texas 

Looking West 
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Photo 3-17:  
Intersection of Alternative 3A ROW and LBITP Discharge Point near Luce Bayou 

at Lake Houston Looking West 

 
 

Photo 3-18:  
View of LBITP Discharge Point near Luce Bayou at Lake Houston 

Photograph Taken from Boat Looking East 
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Photo 3-19:  
SH 321, facing northwest, north of the Dempsey Henley State Jail 

 

 

Photo 3-20:  
CR 615, facing northwest of intersection with FM 1960  



3-142 

Environmental Impact Statement 
Luce Bayou Interbasin Transfer Project October 2012 

Photo 3-21:  
FM 2100, northbound, south of FM 1960 

 

Photo 3-22:  
FM 2100, southbound, south of FM 1960 
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Photo 3-23: 
SH 146 southbound, southwest of FM 1413 

 

 

Photo 3-24: 
SH 146, southbound, southeast of FM 1413 
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Photo 3-25:  
US 90 and UPRR, facing northwest from US 90 towards UPRR 

 

 

Photo 3-26:  
US 90, facing southeast from UPRR 
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Figure 3.2.2.1-1c: USGS Topographic Map
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Figure 3.2.2.1-2a: USGS Topographic Map

Location Map

µ0 5,000

Feet

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.2.2.1-2_USGS Topographic Map.mxd

C|

Harris
County

Lake
Houston

Liberty
County

Montgomery
County

£¤59

£¤90

Basemap Source: ESRI 2008 StreetMap data.

Legend

Alternative 4 Pipeline

Rivers, Lakes, Streams and Reservoirs

County Boundary

USGS 100K Topographic Map Source:
Anahuac, Texas 1983
Beaumont, Texas 1986
Conroe, Texas 1985
Houston, Texas 1992



Texas

Liberty

Harris

Liberty

Luce Bayou Interbasin Transfer Project

Figure 3.2.2.1-2b: USGS Topographic Map
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Figure 3.2.2.1-2d: USGS Topographic Map
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Figure 3.2.2.1-3c: USGS Topographic Map
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Figure 3.2.2.1-3d: USGS Topographic Map
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Figure 3.2.2.2-1a: Soil Type Map
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Figure 3.2.2.2-1b: Soil Type Map
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Figure 3.2.2.2-1c: Soil Type Map
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Figure 3.2.2.2-2a: Soil Type Map
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Figure 3.2.2.2-2b: Soil Type Map
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Figure 3.2.2.2-2c: Soil Type Map
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Figure 3.2.2.2-3a: Soil Type Map
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Figure 3.2.2.2-3d: Soil Type Map
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Figure 3.2.3.1-1a: Geologic Map
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Figure 3.2.3.1-1b: Geologic Map
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Figure 3.2.3.2-3: Major Aquifers Map

Location Map

µ0 32

Miles

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.2.3.2-3_Major Aquifers Map.mxd

Source:
Major aquifers of Texas, TWDB
http://www.twdb.state.tx.us/mapping/gisdata.asp
Basemap Source:  ESRI 2008 StreetMap data.

Legend
Alternative 6 Pipeline

County Boundary

Major Aquifers
Gulf Coast

Edwards (BFZ) Outcrop

Edwards (BFZ) Downdip

Carrizo-Wilcox Outcrop

Carrizo-Wilcox Downdip

Trinity Outcrop

Trinity Downdip



!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(!(

!(
!(

!(
!(

!(

!(

!(
!(

!(!(

!(!(

!(
!(

!(

!(

!(
!(

!(

!(

!(
!(

!(

!(
!(

!(
!(

!(
!(
!(

!(
!(

!(

!(

!(
!(
!(

!(

!(

!(

!(

!(

!( !(
!(

!(
!(

!(

!(
!(

!( !(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(!(

!(
!(!(

!(!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(!(!(

!(
!(

!(
!(!(

!(

!(

!(!(!(

!(!(!(!(!(

!( !(

!(

!(

!(

!(

!(

!( !(

!(!(

!(

!(!(

!(

!(

!(

!(
!( !(

!(

!(

!(

!(

!(

!(!(

!(

!(
!(

!(

!(!(

!(

!(

!(
!(!(

!(
!(

!(

!(

!(

!(

!(!(
!(
!(

!(!(!(

!(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

Proposed Capers Ridge
Pump Station

Proposed
Maintenance Facility

Proposed
Sedimentation Basin

Proposed Lake Houston
Discharge Structure

1008

1008

2100

1960

Existing Trinity River 
Pump Station

Trinity  River

Trinity   River

Luce   B
ayou

Lake
Houston

Ced
ar

Bay
ou

UV321

UV146

UV146

£¤90

Liberty

Harris

Plum
Grove

Dayton
Lakes

Eastgate
Dayton

Huffman
Stilson

Luce Bayou Interbasin Transfer Project
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Figure 3.2.3.2-5: Water Well Locations
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Figure 3.2.3.2-6: Water Well Locations

Source:  TWDB
http://www.twdb.state.tx.us/mapping/grsdata.asp
Basemap Source:  ESRI 2008 StreetMap data. µ0 15,000
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Figure 3.2.4-1: Subsidence Map

Source:  HGSD 2011
Base modified from USGS digital data. µ0 12

Miles

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.2.4-1_Subsidence.mxd
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Figure 3.2.4-2: Subsidence Map

Source:  HGSD 2011
Base modified from USGS digital data. µ0 12

Miles

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.2.4-2_Subsidence.mxd
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Figure 3.2.4-3: Subsidence Map

Source:  HGSD 2011
Base modified from USGS digital data. µ0 12

Miles

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.2.4-3_Subsidence.mxd
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Luce Bayou Interbasin Transfer Project

Figure 3.3.2-1: Surface Water Map

Source:
303(d) Listed Impaired Waters, USEPA
http://www.epa.gov/waters/data/downloads.html
Permitted outfalls from TCEQ
http://www.tceq.state.tx.us/gis/sites.html
Basemap Source: ESRI 2008 StreetMap data.

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.3.2-1_Surface Water Map.mxd
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Luce Bayou Interbasin Transfer Project

Figure 3.3.2-2: Surface Water Map

Source:
303(d) Listed Impaired Waters, USEPA
http://www.epa.gov/waters/data/downloads.html
Permitted outfalls from TCEQ
http://www.tceq.state.tx.us/gis/sites.html
Basemap Source: ESRI 2008 StreetMap data.

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.3.2-2_Surface Water Map.mxd
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Luce Bayou Interbasin Transfer Project

Figure 3.3.2-3: Surface Water Map

Source:
303(d) Listed Impaired Waters, USEPA
http://www.epa.gov/waters/data/downloads.html
Permitted outfalls from TCEQ
http://www.tceq.state.tx.us/gis/sites.html
Basemap Source: ESRI 2008 StreetMap data.

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.3.2-3_Surface Water Map.mxd
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Figure 3.5.1-1a: National Wetlands Inventory and Floodplain Map
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Figure 3.5.1-1b: National Wetlands Inventory and Floodplain Map
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Figure 3.5.1-1c: National Wetlands Inventory and Floodplain Map
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Figure 3.5.1-2a: National Wetlands Inventory and Floodplain Map
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Figure 3.5.1-2b: National Wetlands Inventory and Floodplain Map
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Figure 3.5.1-2c: National Wetlands Inventory and Floodplain Map
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Figure 3.5.1-2d: National Wetlands Inventory and Floodplain Map
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Figure 3.5.1-3a: National Wetlands Inventory and Floodplain Map
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Figure 3.5.1-3c: National Wetlands Inventory and Floodplain Map
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Figure 3.5.1-3d: National Wetlands Inventory and Floodplain Map
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Figure 3.9-1b: National Land Cover Map
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Figure 3.9-1c: National Land Cover Map
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Figure 3.9-3b: National Land Cover Map
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Figure 3.9-3c: National Land Cover Map
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Figure 3.9-3d: National Land Cover Map

Location Map

µ
0 5,000

Feet

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.9-3_Land Use.mxd

C|

Harris
County

Lake
Houston

Liberty
County

Montgomery
County

£¤59

£¤90

Legend
Alternative 4 Pipeline

Highway

Major Road

Local Road

Railroad

Streams, Rivers

Lakes, Reservoirs

County Boundary

Open Water

Developed, Open Space

Developed, Low Intensity

Developed, Medium Intensity

Developed, High Intensity

Barren Land, Rock, Sand, Clay

Deciduous Forest

Evergreen Forest

Mixed Forest

Shrub, Scrub

Grassland, Herbaceous

Pasture, Hay

Cultivated Crops

Woody Wetlands

Emergent Herbaceous Wetlands

Basemap Source:  ESRI 2008 StreetMap data.
National Land Cover Database 2006 (NLCD 2006), USGS
http://www.mrlc.gov/nlcd_multizone_map.php

National Land Cover Dataset



Texas

FM 2100

FM 196
0

C
R

 6
23

Proposed Lake Houston
Discharge Structure

Lake
Houston

Ced
ar 

Bay
ou

Liberty

H
arris

Huffman

118

116

119

117

127

120

122
131

123

121
126129

143

225

224

226

226

227

229228

133

135

136

132

134
140 139
138

137141142

146 148

144

145

189195
172

220

204
152

222
223

Luce Bayou Interbasin Transfer Project

Figure 3.9-4a: Alternative 4 with Parcel Boundaries

Location Map

µ
0 5,000

Feet

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.9-4a_Alternative 4 with Parcel Boundaries.mxd

C|

Harris
County

Lake
Houston

Liberty
County

Montgomery
County

£¤59

£¤90

Legend
Alternative 4 Pipeline

Railroad

Parcel Boundaries

Parcel Groups

County Boundary

Streams, Rivers

Lakes, Reservoirs

Image Source:  Natural Color USDA NAIP Texas 2010
Basemap Source:  ESRI 2008 StreetMap data
Parcel boundaries are complied from the Harris County
Appraisal District, Liberty County Appraisal District, 
and surveyed data where available.

147 - 222

14
3

22
5

22
4

149

153155151

154

150

14
7

146

148

144

145

189

159

179

183

215

167

206

214

173
186

207175

166

185

216

181

177 188

213

208

174
212190

182

178
176

184

187

161

209

171

221

196

168

21
8

158
157

205

165

180

202

156

217

192

170

201203

162

191

200

210

169

197164

198199

194

211

193

163

19
5

160

172

21
9

22
0

204

152

222

223

122 - 141

125

127

120

124 12
2131

12
313

0 12
1

12
6

128

12
6

1 2
9

133

135
136

132

134

140
139

138

137

141

14
2



Texas

CR 624
C

R
 6

24
2

C
R

 6
22

FM 196
0

C
R

 6
23

C
ed

ar
 B

ay
ou

£¤90

Liberty

Harris

Liberty

Harris

Eastgate

92
93

91

83

97
99

67

96
94

115
111

118

116

119

117
113

127

120

122131

123
130

121
126

34

106

104

103

5956

89

33

77

58

57

6360

102

55

98

807879

107
108

53

46

52
54

49
50

47

51

64
61

43

45

71

75

81

68
72

101

37

48

70

36

69

35

76

44

100

42

90

66

40

41

38

39

74

82

65

143

133

135

136

132

134

139
138

141

142

Luce Bayou Interbasin Transfer Project
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Figure 3.9-4c: Alternative 4 with Parcel Boundaries
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Figure 3.9-4d: Alternative 4 with Parcel Boundaries
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Figure 3.9-5a: National Land Cover Map
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Figure 3.9-5b: National Land Cover Map
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Figure 3.9-5c: National Land Cover Map
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Figure 3.9-5d: National Land Cover Map
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Figure 3.9-6a: Alternative 6 with Parcel Boundaries
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Figure 3.9-6b: Alternative 6 with Parcel Boundaries
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Figure 3.9-6c: Alternative 6 with Parcel Boundaries
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Figure 3.9-6d: Alternative 6 with Parcel Boundaries
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Figure 3.9.1-1: Trinity River Wildlife Refuge Boundary Map

Location Map

Source: Trinity River Wildlife Refuge and Proposed 
Acquisition Boundary are digitized from a scanned and 
rectified copy of the US Fish and Wildlife Services 
"Trinity River National Wildlife Refuge" Map, revised 
as of 5/19/2008.
Basemap Source:  ESRI 2008 StreetMap data.
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Figure 3.9.1-2: Trinity River Wildlife Refuge Boundary Map

Location Map

Source: Trinity River Wildlife Refuge and Proposed 
Acquisition Boundary are digitized from a scanned and 
rectified copy of the US Fish and Wildlife Services 
"Trinity River National Wildlife Refuge" Map, revised 
as of 5/19/2008.
Basemap Source:  ESRI 2008 StreetMap data.
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Figure 3.9.1-3: Trinity River Wildlife Refuge Boundary Map

Location Map

Source: Trinity River Wildlife Refuge and Proposed 
Acquisition Boundary are digitized from a scanned and 
rectified copy of the US Fish and Wildlife Services 
"Trinity River National Wildlife Refuge" Map, revised 
as of 5/19/2008.
Basemap Source:  ESRI 2008 StreetMap data.
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Figure 3.9.1-4: Parks and Recreational Resources with Boat Ramps

Location Map

Source: Digitized by AECOM based on 2008 H-GAC Ortho rectified imagery.
Basemap Source:  ESRI 2008 StreetMap data. µ0 16,500
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Figure 3.9.1-5: Parks and Recreational Resources with Boat Ramps

Location Map

Source: Digitized by AECOM based on 2008 H-GAC Ortho rectified imagery.
Basemap Source:  ESRI 2008 StreetMap data. µ0 16,500
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Figure 3.9.1-6: Parks and Recreational Resources with Boat Ramps
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Figure 3.10-1: Socioeconomic Census Data Map
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Source:  US Census Bureau, 2010
Basemap Source:  ESRI 2008 StreetMap data.
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Figure 3.10-2: Socioeconomic Census Data Map
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Source:  US Census Bureau, 2010
Basemap Source:  ESRI 2008 StreetMap data.
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Figure 3.10-3: Socioeconomic Census Data Map
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Source:  US Census Bureau, 2010
Basemap Source:  ESRI 2008 StreetMap data.
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Figure 3.10.7-1a: Oil and Gas Site and Pipeline Locations
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Figure 3.10.7-1b: Oil and Gas Site and Pipeline Locations
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Figure 3.10.7-1c: Oil and Gas Site and Pipeline Locations
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Figure 3.10.7-2a: Oil and Gas Site and Pipeline Locations
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Figure 3.10.7-2b: Oil and Gas Site and Pipeline Locations
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Figure 3.10.7-2c: Oil and Gas Site and Pipeline Locations
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Figure 3.10.7-2d: Oil and Gas Site and Pipeline Locations
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Figure 3.10.7-3a: Oil and Gas Site and Pipeline Locations

Location Map

µ
0 5,000

Feet

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.10.7-3_Oil and Gas Site and Pipeline Locations.mxd

C|
Lake Houston

Harris
County

Liberty
County

Chambers
County£¤90

§̈¦10

Legend

Oil & Gas Sites

Alternative 6 Pipeline

Pipelines

Railroad

Highway

Major Road

Local Road

Streams, Rivers

Lakes, Reservoirs

County Boundary

Source: Railroad Commission of Texas.
Basemap Source:  ESRI 2008 StreetMap data.



Texas

Akin

Stroker

Hare 
Cook

Gatewood

Cro
sb

y Dayto
n

Stroker

Lindst rom

Lakeside

Peters

Felscher

R
am

sey

Runneburg

D
ustin

Krenek

Kilgore

Hare Cook

M
ill er W

i ls on

B
ohem

ian 
H

all

Plaza

A
dlong 

Johnson

Euell

R
am

sey

Krenek

C
r os by 

E
astgat e

Live 
O

ak

R
am

sey

M
ain

Louis

Kenning

JJ aa cc kk ss oo nn  

BB aa yy oo uu

CCeeddaarr  

BB

aayy oo uu

GG uu mm  GG uu ll ll yy

GG
uumm  

GG
u ul ll ly y  

CCrreee ek k

CC ee dd aa
rr  

BB aa

yy oo uu

£¤90

Liberty

Harris

Crosby

Luce Bayou Interbasin Transfer Project

Figure 3.10.7-3b: Oil and Gas Site and Pipeline Locations
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Figure 3.10.7-3c: Oil and Gas Site and Pipeline Locations
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Figure 3.10.7-3d: Oil and Gas Site and Pipeline Locations
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Figure 3.15.2-1a: Cultural Resource Areas
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Figure 3.15.2-1b: Cultural Resource Areas
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Figure 3.15.2-1c: Cultural Resource Areas
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Figure 3.15.2-2a: Cultural Resource Areas
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Figure 3.15.2-2b: Cultural Resource Areas

Location Map

µ
0 5,000

Feet

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.15.2-2_Cultural Resource Areas.mxd

C|

Harris
County

Lake
Houston

Liberty
County

Montgomery
County

£¤59

£¤90

Legend
Alternative 4 Pipeline

Highway

Major Road

Local Road

Railroad

Streams, Rivers

Cultural Resource Investigation Areas

Lakes, Reservoirs

County Boundary

Source: Texas Historical Commission.
Basemap Source:  ESRI 2008 StreetMap data.



Texas

CR 2327

CR 676
Long John Creek

UV321

Luce Bayou Interbasin Transfer Project

Figure 3.15.2-2c: Cultural Resource Areas
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Figure 3.15.2-2d: Cultural Resource Areas
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Figure 3.15.2-3a: Cultural Resource Areas
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Figure 3.15.2-3b: Cultural Resource Areas
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Figure 3.15.2-3c: Cultural Resource Areas
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Figure 3.15.2-3d: Cultural Resource Areas
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Figure 3.15.3-1a: Potential Archeological Liability Map
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Figure 3.15.3-1b: Potential Archeological Liability Map
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Figure 3.15.3-1c: Potential Archeological Liability Map
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Figure 3.15.3-2a: Potential Archeological Liability Map
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Figure 3.15.3-2b: Potential Archeological Liability Map
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Figure 3.15.3-2c: Potential Archeological Liability Map
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Figure 3.15.3-2d: Potential Archeological Liability Map
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Figure 3.15.3-3a: Potential Archeological Liability Map
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Figure 3.15.3-3b: Potential Archeological Liability Map

Location Map

µ
0 5,000

Feet

Path: \\ushou1fp005\cwa\Work Order 8\500 Progress Submittal and Deliverables\Exhibits EIS\Section_3_Figures\Figure 3.15.3-3_Potential Archeological Liability Map.mxd

C|

Lake Houston

Harris
County

Liberty
County

Chambers
County£¤90

§̈¦10

Source: Based on TxDOT 2007.
National Land Cover Database 2001 (NLCD 2001), USGS
http://www.mrlc.gov/nlcd_multizone_map.php
Basemap Source: ESRI 2008 StreetMap data.

Legend
Alternative 6 Pipeline

Highway

Major Road

Local Road

Railroad

Level of Reconnaissance

High

Medium

Low

Streams, Rivers

Lakes, Reservoirs

County Boundary



Texas

H
atcherville

C
ox

EEaasstt  PPrr oonngg

CCeeddaarr  

B B

aa yyoouu

WWeesstt  PPrroonngg

UV146

£¤90

Liberty
Harris

Liber ty

Luce Bayou Interbasin Transfer Project

Figure 3.15.3-3c: Potential Archeological Liability Map
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Figure 3.15.3-3d: Potential Archeological Liability Map
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Basemap Source: ESRI 2008 StreetMap data.
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Figure 3.17-1: Photo Index Map
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Figure 3.17-2: Photo Index Map
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Basemap Source:  ESRI 2008 StreetMap data.
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Figure 3.17-3: Photo Index Map
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